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{Hymi^i VfcRY LAROE SCALE IMMOBat?J-0 POLYMBR SYNTHESIS 



A synthetic sUstegy Toi- tise cresiioa ei" 
large scale chasnica! divers^jy. Soiid-phsse 
ch«!:!ist.7. phoSoiabils pn>5fcu«g groups, ssd 
pJiOtaiitiKijs-csphy are as«d io scm«ve %jj{-<ij- 

syjtihesss. 'Aimty ff-Bsksjig te^}j,«^«es arc- «h- 

aiqacs ste sfe<s dSsdos^, A iechriiqiic. !";»• 
scfsejasRg Jstikef mo?e<s»les is also pTSvided. 
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This application is related t© ttoe follovfi^g 
Onxtea States applications? U,B, Serial Mo, 4S2,4S2. 
file<3 Harch 7, 1990? U.S, Serial Ho* 362,901, filad vTune 
1989? U.S. serial Ho. 624,120, filed Bsceiabfer 6, 1990 1 
U.S. serial So. 626,730, filed Decker 6, 1990 ,« ax\d 
serial Ho. C>24,1X4, filed Docs^or 1990, Each of 
tbssa applications is incorporated hsrain by reference 
tor ail purposes. This application is also related to 
PCT application m 9Q/15070 which was published Deoe^s^foer 
IS, X9&0 and ie aXeo incorporated by reference herein for 

BASKGRQUHD DF THE IH^^HTIOH 

*rte present iss^ention relates to the field 
of pol:pier syntOieeis. More epecif icaXly, the indention 
prmMBs a reactor s^^stem^ a maslcing strategy, 
photor«!OirabXe protecting groups, data oollectios atid 
prooeesing teoliniq«es, en« epplioat|one for liffat 
4irectM sy^thasis of toerse f^olpser mmm^^m on 



OF THE imWTXW 
Matlsoas, apparatus ^ a»d compositions f»r 
synthesis and us® of techniques for div«rs« polymer 
s^alsstratfe are disclossed. as well as 

ling to one aspect of tlie invention, an 
improved reactor systess for synthesis of diverse polymer 
sequences on a sxibstrate is provided. According to this 
esKbodiBent tiie invention provides for a reactor xar 
contacting reaction £ lipids to a substrate; a syjsten for 
delivering selected reaction fluids to the reaotor; a 
translation snage far isovxng & nask or substrate froa at 
leasr a first relative location relative to a second 
relative location; a light for illuiainating the substrate 
through a mask at selected times? and an eppropriatsly 
nrogratamed digital comput^er for s«Xect.ively directing a 
ilov of fluids from tJie rfe&otor system, saX^ctively 
act-ivating the translation stag®, end seX^etively 
illuisiaatiisg the siafeetrate so as to form a plixrality of 
diverse p^ljmr se^enoes on the substralje at 
predetermisied loeatio»is. 

mm invention also prov^iaes & teclmiq«te for 
selection of linker molecules in TOlPS. According to 



of sd3:«i«ning a piisrality of linker poiyBer© for 
use in binding affinity studies. The invention includes 

the steps of forming a piisrality of linker pol^'mer^ on a 
enbstrate In selected regions, the linker polyisere formed 
by the steps of recursively; on a surface of a 
substrate, irradiating a portion of the selected regions 
to rsBove a protecting group, axid contacting the surface 
with a sjonoBer; contacting the plurality ox linker 
polymers vith a iigand,- OTd contacting ths ligand viti:^ a 
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According to another aspect of the irjvsntion. 
Improved photore-taovabl e protecting groups are provided. 
According to this aspect of tiie Invmxtion a compound 
having tM^ form«ias 




wherBin n » 0 or U X i» sels^ct&d from the group 
consisting of a« cssyg^n of thfe carfeossyl group of a 
natural or tHmatisral amino acsM, an a»ino group of a 
natural or tuamturai amino acidly or tfee Ct-s * ojcygen group 
of a natural or tmmatural dsoxyribonucleic or rilbonucieic 
acidf and ind«p«nd«ntly ara a hydrogen atom, a lower 
alkyl, aryl, h^nzyX, halogen, fey^Srossyl, allcoscyl, thiol, 
thio&ther, amino, i^itro, carbossyX, formate, forsRamido, 
sulfide, or phosphido group? an<3 is a alkoxy, alkyi, 
aryl, hydrogen , or allcanyl ^roup is provided, 

$he; invent ion alao provides improved masking 
techniques for VtSIPS. teoording to one aspect of the 
making technique, the invention provides an ordered 
^©tliod for forrnlrsg a plurality of poiyxser ssqnences by 
sequential additiori of reagents caisprising th«! step of 
s«srialiy protecting and depratscting portions of the 
plurality of polymer saguenc«s for addition of other 
portions of the polyiser jseguences using a binary 
synthesis strategy. 

Improved data collection ®gui|M^nti and 
techniques are also provided. According to one 
esibodijsentf the instrumentation provides a systesi for 
detersiining affinity of a receptor to a ligand 
comprieingi laeans for applying light to a surface of a 
substrate, the ^nteatrafce oosaprising a pitarality of 
ligands at predeterminad locations, the means for 



4 



applying <$ir«t!Sting light providing siMUltaJseous 
iXXumination at a pl-uxaiity of the pre<ae^t®rstine<S 
locations? and an array of dets^ctors for detecting 
fXxjorescence at tM plurality o£ predetersained locations. 
Tte isiwntion fxjrtber provides for improved data analysis 
tacfeniques including the step's of exposing f luorescentiy 
^abolled receptors to a s^ibstratej tit® siisstr&te 
compTisxp.q Ji plu^*aIJTy of " ic:in;diS itt regions st knovn> 
,:o::at;2Dns? at a piuraXiry of data colXssctaorj poxiitr> 
witnin eacn of the reoions^ datfen&ining an atsount of 
fluarssconce fross tha data cciiectian points? reFcsving 
the d^ta collection points deviating fross a predetermined 
statistxca3 distribution? and determining a reiarlve 
binding affinity of tlxe receptor from remining data 
collection pointis, 

rrotccted amino acid H-carboxy asthydrides for 
tsae in polymer synthe&is ar« also disclosed* According 
tc this aspefist of tli^ invention, a compoand having the 
goXlowing fcrmula i« px^o^ideds: 




wh^r& E is a side chain of a natural or unnatural amino 
acxd and X is a phctcrejsovablfe protecting group, 

A further nnder&tanding of the natxjre and 
advantages of the inventions herein may be realised by 
reference x.o the remaining portions of ttee specification 
and the attached drawings. 
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8RIEF UEBQRTWrmii OF THE DSAV^JHCIS 
Fig. 3. sc.hes;aticMli >• illustrates; light-da rectsd 

spatial ly'"addras3;5bie paralXc^ jhesiical synthesis; 

Pig, 2 sc^,en;dtic'aily illastrates one exainpla oS 

lighted xrecr^d peptide isynth<^sis? 

«i9» 3 scbemarically iXXustratss the software 

for the autoiaated system for s^fntSiesi^ing diverse poXyiser 

Fig, 4a and 4to illustrate operation of a 
pvogT&t& for polymer synthesis? 

Figv 5 is a scfeematie iiatxstratioii of a "pure" 
biimry masking stirategy?; 

Fig, 6 is a scii®Hgitic iXlwstifation of a gray 
cod® bimry m^sklag strategy i 

Fi«|, ? is a Schematic iilustrafeion of a 
modif ied gray code toary mskijrag etrategy ? 

Fig. Sa scheiaatically illustrates a isa^kiKg 
strategy for a fotar step synthesis? 

Fig, Bh scbeisatic^lly illustrates sytsthesis of 
all 400 pes>tide dissers; 

Fig. 9 is a ooordinate tmp for the ten-step 
fciTsary eyBthesis? 

Fig. 10 schematioally illustrates a data 
collection system? 

Fig. 11 iB a block diagrains iXlustratlrsg the 
architeccisx"® of the data collection syisteB? 

Fxg. 12 is a flow chart Illustrating operation 
of software for the data coUecr ion/analysis systejr:? and 

Fig. 13 schematically illustrates oii«i ^sxaisple 
of light-directed oligonucleotide synthesis. 
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OESCEXFTXOSf OF SHE PEEFB^SEO EMBODISJES^S 



A. D&»rot^i«3Si mm hmitlm 



B» Binary Synthesis Stotesgy 

5. Example 

Cx Linker selection 
Protecting Groups 

1, Use of PhotorSiisovabXe Protecting 

Groups Ottring SolM-^Fhase 
synthesis of mp%mBM 

2. us® of Shotox^mo^Fatole Fs^oteet;iS5g 

Syntiifesis of oligomcsleotldes 

E . Amino Acia 1SF--Carbbxy 

Jtehy<lrx<3e^ Protiacted with 



It. Data Collection 

A, Bata collectiorj System 

B, Data analysis 

V, Other Representative Applications 
A, Diigorsuoieotiae Synthesis 




III. 




1. 'Example 
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Certair. terisc-; used herair. are intended to have 
the following cjeneraX definitions: 



1« .SSlSieSt^-S-tliy^ Refers to tiie topological 

compatibility or msstching together of iisteracting 
surfaces of a ligana molacuXe aM its receptor. 
Thus, tha receptor ana its lig&Bd can toe describsa 
as co3spi«imentary, and fmrtii^rBor©^ tlie contact 
stirfaoe cis&raeteirisfcics ar« ccsa^XesaentarF to eacSst 
ot|i«r. 



a> ^itop@i 'She portion of ati antigen Bolecisle vhicfo 
is cteiineatfedi by the araa of ir$t«!raot4on with the 
E^class of r«o<&ptors Jmown as antibodies ♦ 

3* MmSs ^ li^asrsd is a molecule that is recognizad 
hj a jjarticular receptor, Sssajsapies of llgands that 
can be i»v«stigatad toy this ijwention include, bxit 
are not restricted to^ agonists &ftd antagonists tor 
cell membrane receptiarSf toxins and v^majstSf viral 
epitopes, harnsoj^es (e^.q., opiates, stex-oids,, etc*) f 
hormone reosptors, peptides, ^mym&s, enKyia^ 
sxibstrateSf cof actors, drugs, lac tins, sugars, 
oligontscleotid^s, nucleic acids, oligosaccharides, 
proteins, and taoBOclonal antibodies > 

4. MC;|iODe-S:; A Jsesaber ot the set of small molecua.es 

which can be joined together to fora a pol>'7ner. The 
set of rsonoaers includes but is not restricted to, 
for exampla, the set of cosason L-amino acide, the 
SiSt of D-amino acids, the set of synthetic amino 
acids, ths s®t of nucleotides and the set of 
pentoses and hexoses. ^ used herein, jsonosjer 
ref^trs to any uiember of a basis set for synthesis of 
a polymer. For exasipls, disasrs of the 20 naturally 
occurring 3>amlno acids form a basis set of 400 



iaono3s©rs for siyxjthesis of polypeptides, Differ«jit 
basis sets of 35jOT5om«rs my b« us«!d at successive 
steps iT^ the synthesis oi a poiyster. furthermore, 
each of the sets ssay include protected members v?faich 
are. modified after synthesis. 



Peptide -. A poiyiaer in vhich the monomer ~j are alpha 
amino acids and w-hich are joined together through 
a^ide bonds and is altemativaiy referred to as a 
polypeptide. In the oontext of this specif icatior. 
it ©houid be appreciat^fed that the assino acids may be 
the L-opticai isomer or the D-optical isojEner. 
Peptides are oftm two or ©ore aisixto acid monomers 
Xonqf axsd oftm mor& thah 20 amino acid »nomers 
loisgx standard abbreviations for amino «oids are 
nsea (e*g., P f or proiina) . Tl3i«se abbreviations are 
incl««Sed in Stxyer, Biochaaiistry . Third Ed., 158S, 
which incorporated taereiu fey refarehoe for all 
purposes. 



lliiaitais Bnergy vhteh my foe seiactiveiy applied 
inciiading energy having a mveieSigth of foetwsen 10"^* 
and 10* meters xncludistg, for eaeaispXe, «^l&otron beam 
radiation, gansisa radiation^ sf-ray radiation, ultra~ 
violet radiation, visible light , infrared radiation, 
microwave radiation^ and radio -waves, "irradiation" 
refers to the application of radiation to a siirface. 



^ca^S^; A iso^ecule that has an affinity for a 
gi.ven ligand. Pieceptors may he naturally -"occurring 
or synthetic aoleculeso Also^ they can be s^ploysd 
in their unaltered state or as aggregates with other 
species. Receptors ssay be attached, covalently or 
noncovalently, to a foindin<? mesiber, either directly 
or via a specif ic binding substance. Examples of 
receptors vhioh can be essployed by this invention 
include, but are not restricted to, antibodies . 
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receptors,, jsonoelonal a^tifeeaies 
and a»tisera reset ix?® with specific antigenic 
detenaijiants (such as an virases, c.«ils, or other 
materials), druga, polynu«l«otia©s Buel^ic acMs, 
peptides , cof actors, lectiBS, sugars, 
polyeaccharidas, cells, celXular mesasrajses, ansi 
organaUas, mceptQ« are sm0t«s r^f^rt^a to in 
tte art as anti-liganiSs. M tfe term receptors is 
in v^mnitm iBtM« , 
• mix^ is formed ^hm tMO 

r^cofBitSon to fens a eemlex, 

dt&®r eicaapies of rstceptors whida cas fee 
im?«stifated S¥3f this isrsr^feion isseiude W are n«t 
restricted tos ^ ^ ^ 

ligandis feind to receptors* mjeii as 



eseeBtial to survival of micrcorganisms, 
is mMnl for a new class of antibiotics. Of 
isarticsular value would be antibiotics agsinst 
opportunistic fungi, i^rotogoa, and those 
feacteria resistant to tfee antifeiotios 
in current use. 

glj^^tm? instanca, determining the binding 

site of «nsy®es stjch as the ensymss reapoasibl® 
f cr cl«a^i.Bg neurotransjsitters provides uaeSttl 
information. Determimtion of ligamds which 
bind to certain rec®|stors to modulate the 
action of tlie «nsf»e« wbich oleave the 
different jieurotransmitters U nmtul in the 
of drmge «hich can be umd in the 
of disorders of nearotransffiieeion, 
Fsr instaijpe , l^e iw«ipn jsm^ 
fee liseftii in investigafcihg tm iiganMindi»g 
Bim on the antibody moleouie which c&mms 
^ith the epitope of an of intereet? 
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I one or laore 
of sxxdh s^qaenoBs or l&ad tho deveslopssnt of 
rstlatod diagnostic agents or cosspoxjuds useful 
in tl5erap<?Uwic treatmsnts such as for auto- 
lOTune diseases (e.g,, by teloclci-ng the binding 
of the «saif« antibodies 

teiMc^AcMsJ S©i|uenc©s of nucliglc acids may 
toe synthesized to feSitabXisfe DIfA or mh binding 

SSll®lYM&_M«3Met4^^s PoiyskBTs, preferably 
polyp®ptia«is^ Which are ca,pabi<& of promoting a 
chemical reaction involving the conv&rslo?t of 



Buch poi5fp«pt;ia«s g^erally incIMe a binding 
site specific for at X^st one reactant or 
reaction intiSJ!ria«at^ ana an active 
functionality proximate to tto® binding site, in 
wMch thm fimctionaiity M c^p^l& of 
chemicaiXy modifying th® hound reactant, 
eatal3?tic. polypeptides ar^ d^gcrifessa in, for 
example, application Serial No, 404,920, 

which is incorporate*! herein Jay reference for 
all purposes^ 

liai:^ailt....y e.ce|gt.m ^ For instance, the receptor® 
for insulin v^nd growtb hormone, Deteriaination 
of th® ligaMs which bind with high affinity to 
a receptor is useful in the doveiopwent of, 
for exanpls, an oral replace:ssent of the daily 
Injections vhich diabetics .usijst take to raiieve 
the syxrsptojus of diabstes, and in the other 
case, a ropiacss^sent for the Sv'ijarce hmuan 
grovrth hormone which can only ba obtained fron 
cadavers or by recairJsinant Dm% taonnoiogy. 
Other examples are the vasoconstrictive hcrinone 
receptors? determination of those iigands which 
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of drugs to control blood pressure, 
g) Opiate recg?pt;ars DsterTsiriation of ligands 

¥iilch bind to the opiera receptors ir. the brain 
is useful In ths devaXopsient of X®ss»addictive 
for morphia® and related drtsgs. 



liafeEfe^-t®' isatariai having a rigid or seisi-rigid 
surface X In tsany embodisients , at least one surface 
of the stsbsitrate viil fee sub^fcantialiy flat, 
although in sosae emlsoaimants 1% may h& desiralsie to 
physically separate sjiithesl^ regions for different 
polymers Mithf for Mells, raisea regions, 

etclied trenehSE, or the like, il^ccording to other 
mmoaiMmtBf smll hm&s may hm provided on tSie 
surface which may toe released upon completiosi of the 
synthesis, 

S. Protecting orout>; & material ^ich is che®ically 
haxmd to e isono^er unit and which may he ramoved 
upon selective exposure to an activator su«n as 
electromagnetic radiation. Examples of protecting 
groups with \Jtility herein include thome coisprising 
nitropiperonyl, pyrenylxsethoxy^cartoonyi , nitrovera- 
tryl; nitroteensyl, diisethyl dltsethoxybensyl , 
S-broBO-^-nitroiuaeiinyi , o-hydrossy-a-ssethyi 
cinnamoyl, and Sl"Cixymthylene anthracpiinona . 



iS« gredef ine-q Be.crlon ; ?^ px-eaefines^ region is a 

iooaii^etd area on a surface which is, vas, or is 
inti^aded to fee activated for formation of a pciyiser* 
The predefined region jsay have any convenient, shape, 
B,q.f circular, rectangular, elliptical , wedga- 
shapedf etc. For the saice of brevity herein, 
"predefined regions" are soxsetisaes referred to 
simply as ^regions. « 
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11. Siibstantiaj ^ly B^x-g ; A polymer Is considered to be 
«sufestant.ialiy pur©*' within a prsdefirsed region of 
a sxibstrat-e when it exhibits char-act-ex'istics T„hst 
distinguisrs. It frois otii.er prsaefined regions. 
Typically, purity vill be i^essured in ter^ns of 
biological activity or iiunction as a result of 
uniform seqijencs;. Sucii charactieristics will 
typically b« xseasured fey way of binding witte a 
seiecfced ligand or receptor. 

12. Activator r^fefesrs to an energy source adapted to 
render a group active and wJiich is directed from a 
source to a pred«fin«d location on a sujb:strat«, A 
priiaary ilXustration of an actiwter is light. 
Other eseaisples of activators incMe ion hmmS f 
electric fields, jsagn^tic fields^ elsotroB is^ams, 



switch mtrisc, tii© product of wMcfo is a product 
mtrix* A reactant taatrix is a 1 x matrix of the 
building fclocks to b® added. Tb« switch isatrix is 



preferred eahodiBents , a binary strategy is one in 
which at least two successive steps illurdnate haJ.f 
of a region o:: interest on t:he substrate. In xtiost 
preferred emfcodiisients , binary synthesis refers to a 
synthesis strategy i.;hich also factors a previous 
addition step. For exas^ple, a strategy in which a 
switch matrix for a r>asking strategy halves regions 
tiiat were previously illtminated, illusaiiiating atoout 
half of the previously illuisinat®d region and 
protectimg the ressaining half C«iiil® aiso protecting 



ray, a»d the like. 




pol^^r 
:s which 



all or a subset of the binary numbers, preferably 
ordered J between l and m arranged in oolu3s.ns, in 
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?ii>out. half of previously prct-sctad re^gions and 
illu'sairsat.ir-g abo%5t. half cf previously protected 
regions). It will foe recognigad that binary rounds 
Bay be interspwssed with noB^binary rounds and that 
only a portion of a substrate ssay be sxibjected to a 
binary scheme, but will still ba considered to be a 
bin&ry masking strategy %rithln tiis; ds^f initios 
hmrein. A binary »msking« strat-^gy is a binar>' 
synthesis which us®© light to XBmo^^ protecting 
groiaps tr&m mfceri&ls for adaitiQU pf otfe«r 
isateriaXs sucls a® mim aoids> m preterr^d 
«!a&odis8ent«, seXfeCEted coluims of tJbs« switch matrxK 
ar« arsr&ttged in ordar of increasing foisi&ry numbers 
in Uhe coivsjms of th© switch matrix* 



to a 



The pressrst invention provides synthetic 
stratf&gies and devices for the cr&ation ol large scale 
chejsical diversity. Solid-phase chemistry; photolabile 
protecting axoups, and photolithography are brought 
together to achieve light-direoted spatialiy-addreseafols 
parallel cha^dcal synthesis in preferred essbodiTsents . 

Tha invejTJtion is described herein for purposes 
of xll'astration priujarily with regard to the preparation 
of peptides and nucleotides, but could reaaily to© applied 
in the preparation of other polyis^rs. Such polymers 
include, for example, both linear and cyclic polyrsers 
cf nucleic acids, polysaccharides, phospholipids, and 
peptide?? having either at-, or wamino acids, hetero- 
polysa^srs in which a Imown drug is covalentiy bound to any 
of the above ^ polytsrsthane^j, polf^&t&rBt polycarbonates^ 
poXyursas, polyamides, polyethylsneiiainfes , polyarylene 
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sulfides, poiysiloxajses, poivimisles, polyacetates, or 
otn^r palymmrB which will apparent «pon r^-vi^w of this 
disclosure. It will be recoCTix^d further, tliat 
Illustrations herein are prirsarily w.1t,h rsfsjrence to 

to H--t^rjsiBal synithesisj but th?5 iswention could 
readily bs applied z.o ii- vo C-XBrmin&l synthesis W'ithottt 
departing frass thfs scope ox tlife invention. 



A. jQ^Lo„tg^c?x.ias,.and,Ad 

The pressat invention tsses a stiasked light 
source or other activator to direct th® simuXtaneotss 
synthesis of -smnj different csls^saicai compounds. Fig. x 
is a flow chart illtxstrating the process of forming 
ing to om m^odimmt of the 
2- A 

of iiiiasaimtion tlirough a mask 4 a tssing a light; 
6 determines t^lch regions of tlje : 

In one pmtmtrmd 



jbuliaing blooks {indicate^l by in Fig, I) each 
bearing a photoiabii« protecting group Undicated by 
is exposed to the surface of the siibstrate and it reacts 
with regions that were addressed by light in th« 
preceding step, The siibstrats is then illuminarea 
through a second mask 4b, which activates another region 
for reaction with a second protected foi^lldiysg block «B«, 
The patte>rr3 ot aasks used in these iilussinatiosts and the 
seq^aence ot reactants define the ultisaate proa^3,ots and 
rheir locations, re^ult^ing in diver-se sequences at 
predefined locations, as shown with the sequences hQEQ 
and BDFH in the lower portion oi: Fig, 1. Prei^erred 
easbodiMents of the iisventien take advantage of 
cosjfeinatorial masking strategies to fora a large mjiraoer 
of compounds in a small nu^er of chemical steps. 




IS 



A high degrs®. of miniattiriaation is possible 
beca^jse tbs density of compounds is det-erssined largeiy 
with regard to spatial addressability »:£ the activator, 
in ona case the. i^if ilx-actiors at light*. Es^ch compound is 
pbysicallY accessible and it^ position is pr<ecisely 
JosoTO. Hence, the array is »|!SttiaXly»a«iaresaatel« and its 
iBtfejractions with other molecales oan bB assessed* 

m a particular eabodiBent ahown in Fig. 1, the 
substrate contains amino groups t*tat are blocked with a 
photolafeile protecting group. Imim acid seg^enc®^ are 
jsaadfe aecessifeie for cotxplissg to a receptor by reisoval of 
the photoprsjtecting groupa. 

men a pcslymer soguence to eynthesi^M is, 
tor exampifef a poif peptide, aisino groups at th© enda of 
linkera attacjisd to a glass sislsstrate are derivatised 
with nitroveratrylOKycarbonyi (TOC) , a pbotorei&ovable 
protecting grotsp. The liisJtear laolecules aay be^. Sor 
escampla, aryl acetylene, ethylene glycol oligoia^rs 
containing fross S-IO x^onoviexs , diamines, diacids, amino 
acids^ or cojafoinations thereof. Photodeprotscticn is 
effected by ill«TRlnat,laB of rhe substrsste throiagh, for 
exassple, s ssasik wherein the patt^srr. has transpar<snt 
regions with dissensions of, for exassple, less than 1 cm^, 
10'^ cm^ 10"^ cis^-. Id'-' or<^ XO"'^ c»^ 10"^ cis% 10""*= c^a^ 
10" ' cxa'^, lO"* c^'f or 10"^'' cxcC , In a prefersred essbodimsnt , 
the regions are between about 10x10 ut& and 500xSQO ^ijs.. 
i5.ocording r.o sosse exnbodi^ents; , the jsasks are arranged to 
prod\Jce a checkerboard array o£ polymers f although any 
one of a variety of geometric: conf iguratiosis may toe 
utilized. 



in ohe eaca^le of the inyehtism, free amino 
groups were flnorescsently iafealied fey treatstent of the 
ehfcire i^hBtrate surface with f ihorescein ieothiocyhata 
(FSTC) aft^r photodeprotaction. «3Iass microecppe 
slides wer« cleaned, amnated 1^ treatssent with 
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0.1% aisinsjpropyltriethoscy&ilane in SS% ethanol, aisd 
incubaitad at llO'C for 20 Bin, Th^. asaina-tad surface 
of the slid^ was then exposed to a 30 ssM soi^jtion of 
the 3!F-&3rdros£ysucc:iniiside ester of NVOC-GABA 
{nitrov^ratryloxycarbonyl-y-aTslno btstyric acid) in dmf. 
ThB moc protecting group was photo Xytically ressovsd by 
isaaglTtg the 365 nm output from a Eg arc Laisp through a 
chrcme on glass 100 pi)si checkerboard mask onto the 
substrate for 20 sain at a po%re;r density of 12 is*W/ch^, Tha 
estposad surface was then tr®at:.ed •w'ith 1 mM FITC in DHF. 
The substrate surfaces', was scanned in an «pi-f luorescencs 
microscope (Selss IvKioskop 20) using 48S nts excitation 
froja an argon ion laser (Spectra'-Bhysics model 202S) . 

emission aJ?ove 520 rm was detsectesS hy a 
043-^02) oper&t^d in a 



traiislat«id into a color display with red in tJj« highast 
in ■ 

! of a J 

iQQseioo m < 

in sp^aiflG regions isj spatially- 

localised 




Fig. 2 is a flow chart illtjstrating another 
esfaxnpie of the invention. Carbossy-activated H^oc-leucine 
was allowed to react with an aiainated stibstrata. The 
carhory activated HOBT ester of laucine arid other amino 
acids used in this synthesis was formed by Esixing 
0,25 rsmol of the NVOC amino protected a^ino acid with 
37 mg HOBT { l-hydrcsrybenEOtriassoieh 11.1 isg BOP 
(b*nsotria2olyl--n-oxy-~tris {diisethylasrjino) - 
phosphoniujtthexs-fltjorophosphate) and B6 ul 01 
(dilsopropylethylaiaine) in 2x5 ml DHF^ The moc 
protectiJig gro^-ip was removed by uniforms illxiiaix^ation, 
carboxy-aoti^ated MVOC~phenyIala,nine was coupled to the 
eisposad amino groups for 2 hours at room temperature^ 
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and thes washed with DMF and ssesthylene chloride, 1^wo 
umsas>:e<S cycles ot phot-odepx'otection ami coupling vith 
carfioxy-actlva-ted NVOC-glyclne were carried out. The 
sttrtace vas than IXXutnina^sd through a chrome on glass 
50 checkerboard pattern tsask. Carboxy-activated 
m-tmc-O-tButYl-h-tyrosine was then added. The entir© 
surface was anitonsly illuminated to photoiyse the 
remaining FVOC gx-oups. Finally, carboxy>»act Ivatad 
NVoc-'L-proiine was added, the ^3V0C group vasi rssaoved by 
illuisination, and the t^-BOC and t--feutyl g^rotacting groiips 
vere removed with TFA, Aftar raisoval of the protecting 
groups, the surf&cse consisted of a SO m ehecJcsrboard 
array of Tyr-^Gly-Gly-Fhe-'Leia (YGSFL) and Pro-Giy-^sly-Ph®-" 

iMu imQfh)* a©© «isd ssa iis bo si and ix> mtz. 



Xsi m 

s«d to d«i:«rai«« which of a plurality of amino aci 

ega^jio®© is reoogniae?! by ass antibody of intfer«sst. 



In <sn® ®xampa.«> the array of pent&i^^ptidfes in 
the «Kai!^la illustrate in Fig. 2 vas profeed with a mms^ 
monoclonal antibody diract^d against ^-endorphin. This 
antibody (called 3E7) is toown to bind ^GGFL and YCSGFM 
(sse also SBO ID HOjl and SEQ 10 HO: 21) with nanojsolar 
affinity and is discus&ed in Meo ^ al- . Eni£.,...JiM^lz. 
j\cad,...sci, U$,A (19B3 5 1^5^4084, vliloh XB incorporated foy 
reference herein for all purposes. This antibody 
requires the assino terminal tyrosine for high affinity 
binding. The array of paptidas fonsed as described in 
Fig. S 4%''as mcuhated with a 2 ng/rsil riOuse monoclonal 
antibody (3E^) known to recognise YCOFL, See aleo SEQ ID 
M05 1, 3E7 does not bind FGGFL, See also SEQ ID HQ; 2, & 
second incitbation wxtfe fluoresceinatad goat anti-Bouse 
antibody labeled th©^ r^^lons that bound The surface 

was scanned with an epl-fXuorsscsnce microscope. The 
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results showed altemstis^g bright and dark. 50 m squares 
indicating that YSGFL (BEQ XD mn) «nd PGSFL (SEQ ID 
mm were syntheslaad in a geoisetric array determined fay 
tha isask. A Mgh ooBtr&st C>iasl intensity ratio) 
fiaor«sc«nce chackerJsoard iiaage shows that (a) YOOFL (SBQ 
ID mtiy and FGGS^L CM XD ilOsS) were ^yjithesised in 
alternate 50 squares, (fe) 5r<SGFL (SEQ ID l?o;l) attached 
to the surface is acoessitei© for bisidiisg to antibody 3E7, 
a-nd (o) antibody 3^1? does not bind to FGGFL (SSQ ID U0i2) 

A thres'-dimensional representatloT^ of the 
fluorescsBce intensity dar,a in a 2 smiare by 4 square 
rectangular portion of the checkerboard was produced. It 
show^ that the border betwaan syjitiiesis sites is sharp. 
The bei<§ht of aach spike in this display is linaariy 
proportional to th^ integrated f li^orescence intensity in 
a 2»5 piseal. The transition ibetween FGGFL and TSGFL 
occurs within two spikes (5 » is little 

variation in t&e flttsr^sssence intensity of aifferesit 
YOGFL squares- Th,& aeasi intensity of sisctaen ITiSaFL 
syntlifesis sites 2.03x10^ aotints and the standard 
(Seviation was S.sseio^ counts. 




Fig. 3 schematically illustrates a device used 

to : 

peptide synthesizier 4 OX. 

is a device whicli flows 
tim cell 402 under the 
♦ In a prcsferred eafoodiment 
an ABX Peptide synthesiser, saod&l 
n». 431A» The co^put©r Bay ba selected from a wide 
variety of ccTsputers or discrate logic ixiolxiding for^ 
©ijasnpla, an IBM P>:>AT or sisailar conputar linked vitb 
appropriate internal control systems in the peptide 
synthesiser. The is provided with signals tro^ the 
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board cojisputer indicative otf for example, the end of a 
eoupXipg cycle- 

Substrata 406 is maur.tLed on the flow cell, 
fon&ing a cavity between the stxiiastrate and the flow cell. 
Selected reagents, fiov throxagh this cavity from the 
peptide, syntheslr-er selected tiises, fosnair.q an array 
of peptides on the. face of the substrate in the cavity. 
Mounted above the substrate ^ and preferably in contact 
with the substrate is a mask 408, MasSte 40a is 
transparent isi stslected regions tio a selected -wavel-sftgth 
of light ana is opaque in other regions to the selected 
waveXength of light, ^he laaslt is ilXmainated with & 
ligfet source 410 such as a m? light souroe. iss ©sse 
specif ic eissboaiment the light source 410 is a moael no. 
S2420 made fey Oriel* The msk is held and translated by 
an x-yz translation stage 412 such as an x-y translation 
etage staas h^ K^wisort Corp* The completer ooordiftatea 
action of th^ peptide syntta^siater, 3c-y translatiion stage, 
and light source. Of course, the invention isay be used 
in &oisa assbodiisents with translation of the substrate 
instead of the mask. 

In operation, the substrate is mounted on the 
flow cell* The substrate, with its surface protected toy 
a suitable photo re?siovabX«: protecting group, is escposed 
to light at selected locations by positioning the nsask 
and directing light from a light source, through the 
taask, onto the snbstrate for a desired period of tiise 
(such as, for example, 1 sec to 60 Bin in the case of 
peptide synthesis) , A selected peptide or other 
monosjer/polfiser is ptmped through the reactor cavity by 
th« peptide synthssisser for bir«iing at the selected 
looatiom on ths stsbstrate. After a selected reaction 
time {such as about 1 sec to 300 min in the case of 
peptide reactions) the ssonomer is washed froia the systems, 
tlje jjsasic is appropriately repositioned or replaced, and 
the oycle ie repeated. In most enibodiments of the 
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invention, r^actloi^s my h& conducted at cr n«ar a,isbi©nt 



Figs 4a a»d 4fo are flosr charts of fche software 
lasssS in operation of tJ^e. reactox: systeia. Afc Btrnp 5D2 the 
peptide synthesis software is initialia;©?!. At stap 504 
tlia system calibrates positioners on the x-y translation 
stag® and begins a ssain loop. At stiep SOS ths system 
deteminsjs which, if a^ny, of tiie function keys on the 
computer have been pressed. If Fl has been pressed ^ t.he 
system prompts the user for Input of a desired synthesis 
process- If the u&&r enters F£, the systems allows a user 
to edit a file for a sjTJthssis process at step 510. if 
the nser enters F3 the systems loads a process from a disk 
at step 512 X If the user enters F4 the systems saves an 
entered or editea process to disic at st&p 514. If the 
user selects F5 the etsrrent process im displayed at step 
51€ wfeile eelection of FS starts th® ns^iss portion of tha 
prograasy i*e* , me aotuaX synthesis &ccmMm to the 

dispi&ys th« looatios of the syiath^siased peptides, while 
^ F18 rettsm^ the mm: to the disJc op«rsting 



Fig, 4J3 ilMstratas th# synthesis stap 5X8 in 
graater detail* The Bain loop of the progra® is started 
in which the syst^ first ssovas the msk to a neiet 
position at step During the isain loop of the 

progratss., Bscassary chemiceis flow through the reaction 
cell und«r the direction of the on-bo&rd cojjjputer in the 
peptide synthesisser. Kt step 528 the systejn then waits 
for an exposure cojsassand and, upon receipt of the exposure 
cossiaand essposes the substrate for a desired time at step 
530, When an acknowledgement of complete exposure is 
received at. step 532 the systeat dexerBiner> if the process 
is coiiiplete at step S34 and, if so. waits for additional 
keyboard inpot at step 536 ajsd^ thereafter^ exit& the 
perform synthesis prooess. 
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A coiaputer program used for opararion of 
■ch® systss- described abow is writ^tan in Turbo C (Borland 
Int*l) and has been xispieisented in an 
IBM compatible system. The aotor conrrol software is 
adapted frojs software produced toy Newport Corporation. 
It will be recognised that a large variety of prograssising 
laxigtaages could fee utiliKs<5 withoxjt departing from the 
scope of the invention herein. Certain calls are sisde to 
a graphics program in ''FrograOTer Gxxids to Pc and PS 2 
Viaeo Syste3as« {WilHon, Hicrtssoffc Press, 19B7) , which is 
iucorporatea iser^in by ret^r^ftce for ali purposes. 

Alignoent of the ssasJ? is achieved by on« of two 
jsethoas in preferred ©sOaoaimsntSL. In a first aisbodiment 
the system reiiess upon rai&tiv^ alignmasst of tlse prions 
cmp&mntB, whtefe is normally acc®pt&&l«i sinci© x-y-a 
translation stages ar® capable of suf flcisnt accuracy for 
the purposes her«in* lis alternative emteodiMsnts, 
aligim«nt Barks on tha substrate ara coupled to a CCD 
device for appropriata aiigiment, 

Accor<li«g to soma assbodiB^nts ^ pure reagents 
are rsot added at ®aeh s-fcep, or cojaplet® photolysis of 
the protect grotsps is not provided at each step* 
According to thesse essfeodiments; , isultiple^ products will 
toe fors&ssJ in &^ch. syntfoasis sit-e. For e>3Bplef if the 
monomars A and 8 are mixed during a synthesis step^ A and 
B vfill bind to deproteotad regions, roughly in proportion 
to their concentration in solution. Hence, a mixture of 
compounds will ba formed in a synthesis region, a 
stibstrate formad with fixtures of coy&ponnd^ in various 
synthesis regions may toe used to performs, for exaispla, an 
initial screening of a large number of compounds, aSter 
which a smaller nuBher ot compounds in regions? which 
axhibit high binding affinity are further scrsened. 
Similar rasults may be obtained by only partially 
photolyEing a region, adding a first monomer, 
re-photolygiing the sama region, and exposing tha 
ration to a second monoBer» 
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Xn a liglit-air^cted cis«mioaI synthessis,, the 
products formed depena on tSie pattern and order of itsasks, 
and on the order of reactant^v To ^aic^i a s<?.t of products 
t&exe will in general be a finite mimber of possible 
^sasking strategies. In preferred cnubodlBonts of the 
invention herein a binary synthesis strategy' is utilized* 
The. binary synthesis strategy is illustrated herein 
priB®riiy with regard to a masking strategy, although it 
^ili be applicable to other polymer synthesis etratagies 
snoh as the. pin strategy ,> and the like. 

In a binary synthesis strategy, the sohstt^ate 
is irraalata.d with a first Bask, escposed to a tirst 
building block, irradiated with a second mask, exposed to 
a second building blocks etc. Each coiribination of masJc®d 
irradiation and es^ostsre to a feuiiaing &look is referred 
to herein &s a «cycsle*« 

xn a preferred Mnas^y masking strategy* tfee 
mmM& for eacsii eycsla alios? llXmination of tmlf of a 
region of interest on the substrata and no illtmination 
of the remaining half of the region of intereet. B;^ 
"half « it isi intended fcierein not to mean eseaetly ©ne-fealf 
the region of iuterest, bist instaad a large fraction of 
the region of interest such as from about 30 to 70 
percent of the region of Interest. It will be understood 
that the entire masking strategy need not take a Isinary 
fonsti instead non-binary cycles may be introduced as 
desired between binary cycles. 

In preferx^ed ensbodiments of t.he binary masking 
strategy', a given cycle illuminates only about half of 
the region which was lliujninated in a previous cycle, 
vhile not illumxnarJ.ng the remaining half of the 
lllu.niinat.ed portion froTt^ rhe previous oycle. Conversely, 
in such preferred eabodijuents , a given cyole illuminates 
half of the region which was not iiluiiinated in the 
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previous cycl® and aoes not lXlussi«ate half the region 
whicsb, was not iil-aisin&t.ea in a previoixs cycle. 

In the synthesis srrsstagy disclosed herein, the 
longest. l««gtfe (?.) of the synthesi^ied polys5®rs i0 
t n/a? where t\ is the number of cycles and a is th<5 
nussber of ohersical building blocks (siot^ that & giv^stt 
building block isay be r«!p«tat«d) . 

Thfe sptthssis strategy is taost Tm.dily 
illustratssd and handled in saatrisc notation. At ®&ch 
synthesis sit®, the a«t®Kmimtion of wlsether to add a 
given monomer is a binary process. Therefore, eacii 
product elesisnt is givon 3»y the dot product of two 
vectors, a ehm&icai raactaitt vector, e.g., c [A^B.CD], 
a»a a binary vector 0^, In^ssection of tha prodtaats in the 
oKaisple feelow for a £our*step synthesis, shows that in 
ona fotjT^stsp synthesis [i>o,i,Q3, (f^ [1,0,0^1 f 
ff^ » 10,1/1,03, assd &^ ^ [0,x,o,l3, where & 1 itsdicates 
iiXuminatioji a«d a 0 indicstas no iiI]i3isdn«tion. 
Thsrsfore, it feecomes possible to huiM a "switch usatrise** 
S froa th« column vectors {j - l,)c where Jc is the 



0, ff, 0^ 
3 a i 0 0 
0011 
1 © 1 « 
s 1 0 1 



:the. ©utcoBe P of a synthesis is simpiy P « CS, tha 
product of the chemical r«t£sct^ant matrix and the switch 
matrix. 

The switch matrix for ah n*-oycle synthesis 
yielding k products has n rows and k columns. An 
iisportaTit attribute of s is that each row specifies a 
mask. A two-dimensional mask for the jth chemical step 
of a synthesis is obtained directly from the :|th row of B 
by plaein<3 the el^ents s^^,*,*^.^^ into, for example , a 
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^ara tormt. Ijhe parttaiar arrs»g^siit below 
prmrMas a ^gwars mvm^^, alttosgti Xia^ar or otto 
aijrang^jsenfcs may foe ufciXxzad* 



Of courssr., conpounds formed It^ a. light- 
activated synthesis can bs positionsd in any defined 
g®tm&txic array. A squ&rB or rectangular ssatrix is 
convenient but ftot req-uired. The rows of the switch 
matrix: may be tras-kstorsiad into any c;onvenisnt array &b 
long as eguivaiern traxiSiiorssations are used for each ro«x 

For example,, the ssasks in the fDtjtr-sitep 
synthesis tolow ares ti^en denoteid by: 

% X % «s 0 Q Ms ^ 1 0 G 1 

0 S 11 10 01 



%i %i 
% %^ 
% ®^ «^ %* 



where 1 denotes illiimiisation (activation) and 0 tooths 
no llimaimt:ion» 

ma matrix repre^ejitation is ijsed to generate a 
desired set of ifrodsicts and product mp^ ijs preferirfeA 
embodiiBente. S&ch oompoand i^ defined hj the product of 
the ctemicsi vector and a: particular switch vector, 
^herfefore, for each ^jmtlxasis address, one BinpXy sai?®s 
the switch vector, asseiables all of them imto a s«/itch 
isatxiss:, aM esctracts eaefe. of the rotsrs to form the saaslcs. 

Zn som® c&^&B, perticular product sSistrifoutions 
or a maxiaml number of products are desired. For 
example, for C [A,B,C,03, arsy switch vector (ff^) 
consists of four bir.s. Sixteen foue-^bit vectors exist* 
Hence, a Triaxisii.3jEn of 16 different products can foe mde fey 
seg?iential addition of the reagents [A, 3, CD]. These 16 
oolusm vectors can be aesembled in 16 S different ways to 
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torus, a switch isatx'isc. Th^ order of the coluxtm vectors 
d&tin&B, the tssas-kirsg patterns, and therefore., the spatial 
order ii^g of products toist not their xsake^ap- One ordering 
of these coiujsns gives the fDliov?ing switch TnatrxK (in 
which «null« (0) addlt-ions are irjcludad in brscis^ts for 
the saka of caispleteness, although mxQh null additions 
are eXsevh«x'e ignored herein) i 
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fhs! coXtmns of S according to this 
inir^ntioni ars th^ binary : 
IS to 0. The sl5£t&®n prodmc-es of tiiis Jsin^tf syhthesis 
are ABCS, ABC^ mB, ^B, ACD^ JS^C, M), A, BCD, BC, BB, 
CD, D , and 0 (null ) . Also not® that eaofe of th« 
s%?itch vector® from the fomr-ststp synthesis masks afoovo 
(and hence the synthesis products) are presejmt in the 
four bit binary switch matrix. (Sees colusms 6, 7, XO, 
aM XX) 

This synthesis procedure provides an 
a&sy way for Tsapping tha completed products. The 
products irs the various locations on the substrate are 
sisiply defined by the columns of the switch matrix (the 
first column indicating, for exa^nple, that the prodnct 
ABCD will be present irj the iipper left-hand location of 
tbs substrate), Furtherstore, if only seiected desired 
products are to be r.ade, the mask sequence can be derived 
hy extracting the colttmna with tho desired seqiiences. 
For eKampie, to form the product set ABCD, A8», ACD, AD, 



2S 

BCS; BO, m, tlm pasl?s ar« «o3;sjea Is^r »s© of a 

switch jasWiss: ^itk owly thm 1st, 3r«l, stii^ ttli/ #t%^ 
llth, 13tfe, and 15ti5 aolxmns arra-nged into the switch 
matrix; 



S 1 1 X X 0 0 0 0 

1 1 0 0 i 1 0 p 

1 0 10 1 0 1 0 

1 1 i 1 1 1 1 1 



fo forjs all of th& polymers of length 4, tbe. r^sactant 
ssatriK [ABCDASCDABCDAPXDj is used. The switcl^ Matrix 
will -be formed from a aatrlx of tbe binary nuiabers frosa 0 
to 2^* &,rranged in coliians. The colussns having four 
iaoriOB©.rs are then selected and arranged into a switch 
©atrix, a?herefore, it is seen that ths binary switch 
satrix in general vill provide a representation of all 
the products vhieh can b& jnade fros an n'»stop synthesis, 
frsis which the desired products are then extracted, 

Th© rows of the binary svi*-cb statrise will,, in 
preferred eirsbodimeiits^ have tiiS; property that each 
msking st:sp illuminates half of the synthesis; area« 
Each ^askxng step also factors the preceding siasJcing 
step; that is,< naif of the region that was illiamlnated in 
tfee prseeding step is again lil»minatsia^ whereas tfee 
other im.lt is isot* Half of the region tSsat was not 
iliimin&ted in the preceding step ie also ilXwiainatea, 
wfe&reae the other half is not, Thu^, mslcing is 
recursive. The Basics are constructed, as described 
previously, fey extracting the el^ents of each row and 
placing them in a square array. For eixample, the fo^ar 
masses In S for a four^etep synthesis are? 



1111 
1 1 X 1 
0 0 0 0 
0 0 0 0 



% » 1 1 1 1 

0 0 0 0 

1 1 1 i 

0 0 0 0 



% ^ 1 i 0 0 
1 1 Q 0 
110 0 
1 10 0 



384 « 1 9 1 S 
1 © 1 0 

1 0 i 0 
i 0 1 0 
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The r^icurjsive factoring of jr^a^sks allows the 
produces; of a light-directed syTitbesi.s to be represented 
by a poIynoBisl. (Soise light activated syntheses can 
only ,be denoted by irr&duoibie^ i.e-,- prixse po3.ynQ-mlals. ) 
For example, tlie polynomial correspond Ing to the top 
synthesis ot Fig, 8a C«Jis«ussad below) is 

W « (A * B) iC -f ») 

A reaction polynomial may be expanaed as though it wer© 
an algebraic expression, provided that the ox-der of 
joining ox reactanr,s and is. preserved {X-.X^,-^- X^^a # 
i*©, the products ara not cossnutative. The p^-oduct then 
is AC -5- AD BC H- 8D» polyBOSaigil axplicitly 

sp®ci£ifes the r@actants an<l impiioitly spstcifi®^ the 
for eacfe step. Ea«h pair ot parenthsses demarcates a 
ro^md of synthesis. The chemical reactants of a round 
C«vg. , A and B) react at non©veria|splBg sites and hmi^^ 
casmot eoiabine with one another. The syntheaie ar«a is 
toided e^aUj* amongst the^ el«i»ents of a roimd C«»g. , A 
is airecte«S m 6ne~half 6f mm Bttm and B to th® other 
half). Heneev the mslts for a round (e.g., the Basics 
and %) aria orthogonal and f orm an orthonormal set* *S:he 
polynomial notation also signifies that each @last«nt in a 
ro«nd is to he joined to each element of the next round 
(e.g., A with C, K vith 15, S ^ith C, and B vith 0) . This 
Is accomplished fey having iSc overlap is^ ^^"sS JSb equally, 
and liStewi^a €cr s%. Because c and » ar® elements of a 
round, iSc »nd mj, are orthogonal to each other and form an 
orthonorasal ssetx 

The polynomial represex^tation ol= the binary 
synthesis describ&d ahov^, in which 16 products are made 
from 4 reactants, is 
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mm ^i^e^ SBC. MD. AB. 3^CD. BCD, BC, 

BO, B, C, and e wto ejjpasiaed (with the riil« 1:fcat 
0? X ansi 3^0 « X, a»d reiss^^ritit that jo^aing is 
oritodj . In a Jbxnary synthesis, roana coittaisis erne 

r«acWt md om mia {danoted by 0y, Half of tfee 
syath^sis area reeeiw the reacstasit a»d m other jteaXf 
m&Bi^m hot&xiig, Bateh mask overlaps avery other m^si?: 

Binary rmim& M non-MmTy rom^Ss eaji h« 
ixtteraper^ed as desired, ae Ib 

P « {Ai- 0) (B) (C 4 0 0) CB -f- F * 

1?h8 18 cosspounds farmed «re MCS^ ABCF, ABCG, ABDE, ABSf , 
ABOa, ASF, ABG, BCE, BCB, SCS, SDg, BDF, BSa, BE, 

BF. a«d BG. s^^itcih mtrix S for this ^--step: 

ef»th©sis is 

1 1 11111110 0 0 0 0 0 0 Q 0 
X 1 31 % 1 1 1 1 1 X i it 1 1 1 1 1 i 
X X 1 0 so 0 0 0 X X 1 0 0 0 0 0 0 

s « 0 0 0 i 1 1 0 d 0 0 0 0 1 1 X o o o 
X 0 0 1 0 o 1 0 0 X 0 0 1 0 0 1 a o 
p X p 0 1 0 d 1 0 0 1 0 0 i 8 Q i o 

Q 8 1 0 0 1 0 0 1 8 0 J 0 0 X 0 Q i: 



tiie rsactioB araa was usiiformjj acti-srated (t*t® rak to B 
cQBsist^d aistiirely of X»s)> 

!me n^ber of compounds: K fonaecl lis a 
eqsisxstiisg of r rd«nds, in tfte ith srotmd has % 



k - S 



n is 



The nassber of coiapounds synthesi^^ed -v-hen b === s (the 
niiBber ol chemical building blocks) and s D in all 
roiinds is compared vith 2^ for a binary synthesis. 
Fox- n = 2D and a S, S2S cospounas; (all tetr atser s ) woul<a 
fee forraed, compared with 1,049x10* compounds in a binary 
synthesis vitii t;he s&h&b nuisber of chemical steps. 

It should also be noted t^at rounds in a 
fjislyaoaial can ise asstMf as in 



Tte products are AD, BCD, BD, CD, i^, BC, B, and 0. 

Binary synthsisas ar@ atitractivfe for two 
reasons. First, thfey generate th«i maseimal istmbar of 
products (2^} tor a criv^n numbsr of ctee^aieal steps <n) , 
For f«mr re&ata«ts, 16 compoufsds ar« formesi in t]^® feixsary 
synthesis;, whereas only 4 are made when each rouna has 
two reactasts. 1^ l&-^etep binary «yi?sth@sis yi«M^ 1,024 
«oi8i>ouftds^ aiid a SO-rstep synthesis yxsMs l,04S,S7e* 
Seconci, products forsaed in a binary synthesis ara a 
complete n^stsd set with lengths ranging fro?:! 0 to n. 
All coispotsnds that can fee formed by deleting one or jsore 
units froB the longest product (the n-^aer) ars present. 
Contained within the binary sset ar<& the siaalier sets that 
vouXd foe forssed from the ss?se react^ants? using any oth^r 
set of laasks (^^.g,, AC, AD, BC, and BD formed in the 
synthesis shown in Fig- 5 are present in the set of 16 
forjaed by the binary svnthesie) . In sosse cases, however, 
the eKpsrimentally achisvsbis spatial resolution my not 
suffice to accojjunoclate &li the coTspo^^nds formed > 
Therefore., practical iiisitstions Tsay require one to 
selact a particular subset of the possible switch vectox-s 
for a gi^h synthesis. 
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Fig. S illustrates a synthesis with a binary 
masking strategy?. The binary masking strategy provides 
the greatest number of sequences for given number of 
oycles. According to this esjiaodiment , a mask js, allows 
illassination of half of tiio substrate. The substrata is 
tlien ^xpo^&d to the. touilding block A, which binds at the 
lllmixsated regions . 

Thereafter, the inasfc ailcws iXluxsination of 
half of the pjre%?iously illii3iiiT)3,ted. region, ^.srhile it does 
not illuminate half of the previously illuminated region. 
The building block E is then addect, whissh hitm^ at the 
iliuminatad regions fx-om mj> 

The process continues with masks tr.;, and x&i, 
resulting in the product array shown in th^ bottom 
portion of the figure > The process generat:es 32 (2 
raised to the power of the nussher of xsonomers) sequences 
with S (thfe nmh&r of monosssrs) cycles. 



Fig. 6 litatrates another prfef erred Isiiiary 
usaskiug strategy i^hxch is 3?^ferre?3 to hereih as the ^my 
mm mmUm strategy. Accordiisg to this siis^cdisjsent / the 
msfcs to % ars! selected such that a side of any gxvert 
synthesis region is «iaed the aslge of onl^ ois^ ssask. 
^0 site at Which the .sequence BCPB is f orised, for 
esssnsple, has its ri^ edg© defined fey % and its left 
si^ fooisd By met: W m other mmK is aligned on 
tlie sides of this site) . iiccdirdihgly , prqislejss created 
by misaligjm^nt, dMf5asian of light andsr the iaa«fc ah^ 
the lilse will fea ^ihimsseC 



Fig, 7 illustrates asKsther Mnary ^ 
strateg-y. Acecrding to this mchm&f ref erred to herein 
as a modified gray ssode marking strategry, the msmfoer of 

. is mnimigied, For example, the mask % could 
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tee tise same siask as mX and simply translated latar&ily. 
Similarly, the isusk ts^ ccsuia tee the same as % and 

simply translated laterally, 

A four-step syntJiesis is shovn in Fig<. Sa. The 
raactants are tha ordered set {AfS,C,D}-. In the first 
cycle, iliiijaination through iSt activates tha upper half of 
the syntiiesis area. Building block A is then added to 
give tlie distrihtstion $02. Illumination through mask % 
(which activates the lower half) , follov^ed foy addition of 
B yields the ne>rt intex-mediate. distribution C is 

added after illumination through js.? (vhich activates the 
l«ft half) giving the distribution 604, and D after 
illimination throiigh m^ (which activates th« right half) , 
to yisxa fcfee final product pattern 608 iAC,AD,BC,BO> . 

S. Example 

•TJtse ateove masking strategy f or the synthesis 
may fesi mtmma tor all 4Q0 Aipeptldes from the 20 
Batmr&lly omwattm amisio acids as shown in Fig. Bh. The 
synthesis consists of two rcimds, with 20 photolysis and 
chessicaX coupling cycles per round. In the first cycls 
of round I, mask l activates X/20th of the substrate for 
ooaplin^^ §rith the first of 20 amino acids. Hinetsan 
stUsse^ent illumination/coupling cycles in round 1 yield 
a statestrate consisting of 20 rectangixlar stripes each 
bearing a distinct m«mteer of th© 20 amino acids. The 
masks of round 2 are perpendicular to round 1 masks and 
therefore a single illussination/coupling cycle in round 2 
yields 20 dipeptides. The 20 illumination/coupling 
cycles of rotind 2 complete the synthesis of the 400 
dipeptides. 

^he power of tlie binary «as5cing strategy can be 
appreciated by the outcossa of a lS~step synthssis that 
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produced 1,024 peptides. The polynomial «Ks«pr<sss,lon for 
this XO-st®p binary synthesis was? 

(f405 (Y40) (am CA-hS?) CG-t0) C^-^ CF~*0) ih^) 

Each peptide occupied 400x400 &quar&. A 
32x32 |>&ptide arrvw (1,024 peptides, including the null 
peptide and 10 peptides of 2 «= 1, and a limited nuisfoar of 
diiplicatss) was cleariy evid;ent in a fluorescence scan 
following side group deprotsction and treatment vith Hhe 
antibody 3E? and f luoresceinated antibody. Each 
s:^thesis sire was a 400x4 00 sqiiar&> 

1?hs scan showed a twangs of fluorescence 
intsnsiti<as , trom a background value of 3,300 scsunts to 
22,400 counts In the brightest sq^iare (x 20, y «= S) . 
Only 15 coJtipotinds exhibited an intensity greater- than 
12,300 counts » 3"he median value of the array was 4,800 

tfhe identity of each peptide in the af ra^ douM 
be datermlned frois its x and y coordinates (each rang® 
from 0 to 31) and the of Fig. 9. The cheiaic&i utilts 
at positiotis z, 5, M 10 are specified ]?y the y 

coordinate and those at positions 1, 3, 4, 7, 8 by the x 
coordinatev hll mt am of th© peptides was shorter than 
10 residues. For example^ the peptide at x 12 md 
Y «^ 3 is TOGF (SBO Its H05 3? positions 1, 6, S, 9, and 10 
are nulls), mmhB {BEQ W mi4,) , the brightest elemant 
of the array, is at k «=? 20 and y » s . 

It is often desifahle to deduce a toinding 
affinity of a given peptide from the measured 
tluoresoance intensity, conceptually^ the simplest ease 
is one in \i/hich a single peptide binds to a univalent 
antibody molecule. The fluorescence, scan is carried out 
after the slide is washed with buffer ilor a defined tiisa. 
The order oi fluorescence intensities is then a ineas'are 
prisaarilY of tha relat,ive dissociation rates of tha 
atitibody-peptide cojsplexes. If the on~rate constants are 
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tne saTse {f^.q., \f they are dxf fusiQn-co?itrr>lliJd; tno 
order ci Ilucr ef=cenc6^ mtonsitius tvp:xcally 
corrcsg^ond lc tr^e oraer •^i . mdin;? atf :t,nxt5sc <. However,, 
tfeo situation is sor^-^-irr oxe corploK becaufsft a 
livalost prirarv arrii.i-a\ r-^nu a tivdlont sescorsiary 
anribody are as?>i Ihc ck<nsity oi »^pti::3as m a 
synthesis area corrcsporia&d to a -^ear s«par,aticr- of 

v>uch vo^ld allo>N' rult^^^.e-nt anribody'-paptxae 
interactions Henca *"uor<><c nee antensitass otetams^ 

q«slitativ€s indicat;Dr of b;naing a'-^ini'cv 

Another xs5pox~tant considQi ^i. op tho ^^asllty 
of synthesis, &8istions are produced ^-^ \5 co.~spI«ts 
pnotodepro^sctioi\ or incomplete coupling. The coupling 
yiyid per cycle in these axperim«nts is typxc^iiy between 
S5t sM SS%. lapiemsnting the switch tastrix by masking 
is imperfect beeause of light diffraction, internal 
reflection, a«a scattering, Cons®<3ij®ntly^ stowaways 
Cchemieai imits that shouM not Jbe on JsoarS) arise by 

illiminatio^t of regions that should be darJc> 
A binary ssrnthfesis array contains isany of the controls 
needed to assess the fiaelity of a synthe^lst. For 
SKatapIe, th® fltsorsscance signal from a siynth«isie area 
noiainally containing a tstrapeptide ABCD coul<2 come frois 
a tripsptide deletion isapurity such as ACD. Such an 
artifact would be ruled out by the finding that the 
fiuorescancc irtoneity of the ACD site is lass than that 
of the ?iBCD site. 

The fifteen jgost highly fiuorssscent peptide'^ in 
tne array obtained with the syi-sthe;^is of 1,024 peptides 
described above, were YQhFhS (SEC NO; 4), YiSl^iF'^ (SEQ XD 
HD'Ss, VCTAFL (SEQ ID NO YGGFLS iS^Q MO: 7), \'GAF 

\GAL fSFv NOilI;, \QP,^X] sSEC ID NO: I?), YgaF (Si^n ID 

(SEC XD HO: a. and SEQ ID HOjIS) , YGAFSF (SEQ ID NOne^ 
and ¥GAFLSF (SEO ID HD;17) A striking feature is that 
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all fift^ssa begin with TG, which agrees with previous 
work showing thai: an amino-^texissinal tyro:^ine is a key 
dsterssinant of binding to 3E7, Residue 3 of this set is 
either as. or and rssidtje 4 is either F or i... The 
excitision of S arid T from these positions is clear cut. 
The finding that, the preferred sequence is YG (A/G) (F/I*) 
fits nicely with the outcomo of a study in which a vary 
lisrgs library ot pept-idB?. on phaga generated by 
recoisbinant DNA jaethods vss ^screened tor .binding to 
antibody 3E7 fsee Cwlrle st ai. , Proco^^jiatl.^^^ 
USk, (1990) S2;537g, incorpcsrated herein by reference.}, 
^^dditiona.1 binary ssyntheses beesd on leads froir. peptides 
on phage experissants show r.hat YGAFMQ (SEQ ID HO: 18), 
YCAFH (SEQ XD HOtlS).. and YGAFQ (SEQ ID SO; 20) give 
Stronger fluorescence signais than does YGGFK fSEO ID 
WQt21) , the isassunogen used to obtain antibody 

Varlatioixs on th« above masking strategy will 
fee valtiaiJlB in certaiii oirciaiastenices. For esjample, if a 
«}£ern«i« sesjuenc® of interest consists of IQH separated 
tx:tm mz, niB alB is to synthssiae paptides in which 
the^e nniXs are separated fey a variable ssimbar ot 
different residtJe®. ^e kernel caii be placed in each 
peptide by using a iss^k that Jsas i»s everywhere. 
polynomial reprseestation of ® suitable syntliesis is*. 

(F) m m) (A40) CB40) (3£) (Y) m 

Sixteen peptides will be formed, ranging in lengtii from 
the 6-imer to the lO-iaer 

Several other masking strategies will also find 
■^aine in selected circutastancas. By using a particular 
mask more than once, two or jsore reactants will appear in 
the' saiae set of products. F'or escasspla^ suppose that the 
aask, tor an s-step synthesis is 

A llllOOSO 
B SGOSllli 
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C 1X001 XOG 

D ODlIOOll 

H IDIOIDIO 

F OXOlOlOX 

G llllQOOO 

H 00001X11 



The products are ACEG, ?iCFG, ABEG, AOFG, ECEH, 
SCFH, BDEH, am 8DFH, A and G always appear in the same 
px-oduct, although not nscsssarily n«5ct to aacb other, 
because their aaaitio«s wsir^i directed by the sa^e s^ask, 
%m likewise for B asjd H* 



According to pr«ferr«!S ©usfeodimsntis the iinXer 
BolacuXfes ttsied as an intemediary between the syrsthesixed 
poiVTsters ana the substrate ar® selected for optimuia 
length and/or type for improved binding? interaction with 
a receptor . According to this asipect of the inwntion 
diverse Xinkors of varying length and/ or ty|>e are 
synthesiassid for sufese^ent attachment at a ligand* 
through variation® in the length and type of linker, it 
h&ctm&s possible to optimise the binding interaction 
between an issaobilised ligand and its receptor. 

The decree of biMing between a ligai!id 
(peptide, inliibltor, hapten, drug, etc*) and its receptor 
(snsy^se, antibody, etc*) when one of the partners is 
isssscsbilissed on to a substrate will in sosse eisbodlments 
dspsnd on ths; accessibility of the receptor in solution 
to the iuiTsobilised ligand. The accessibility in turn 
vfiil depend on the length and/ or type of linker jsoleeule 
essployed to iKuriObiliKs one of the partners. Preferred 
ejsfoadiise«tts ot the invention therefore eBpioy the VLSIFS 
technology desoribed herein to generate an array of, 
preferably, inactive, or inert linkers ot varying length 
and/or type, using photochemical protecting groups to 



selectively assposi^ aiffersnt regions of the ■■ 



m th© simplest ei8bodiBe»t of this concepts, 
the sam© miit. is attached to tli^ s?a33str«te in varying 
laultipi^s or lengths In known locations on the stibstrate 
via WlSim techniJiues to geiserat© art array of poiymers of 
varying length. A eingle ligana (peptide, drusa, hapten, 
etc.) is attached to each of them, and an assay is 
perfoansed with the binding sit:e to svaUiate the degree of 
binding vrith a receptor that is kno«n to hind to the 
ligajid. In cases where the lin>-:er length inpact-s the 
ability of th^^ receptor to bind to the ligand, vsr^'ing 
levels of binding will be observed. In general, rJ:se 
linker wbich provides the highest binaing will then be 
used to assay other ligands synthesised In sooordance 
witb. the technigues herein. 

Accordixig to other embodiisents the binding 
hBt^BBti ^ ^inglfe ligand/r«c®pto3? psair is evaiisated for 
linlcers of iliv^ers^ monoMsr se^^enee* Aocfording to these 
esbodimaatsv linkers ar« syntfeesiixted iii an array in 
accordaacte ^ith the techniqa®s herein smd liav« diff^rsiit 
(ana, optionally, different lengths) , 
of the linker moleoiaes are provided with 
a ligansS lm<swn to have at leasit aoise binding affinity for 
a given rscegtor. ^ehe given receptor is then escpos^d to 
th^ ligand and biisding aff initar is 
mei®c»Xes wM<sh provM« adeqaat 

sen utilissed in ; 




^e discusrTsec! above, selectively reiaovsble 
protecting groups alXov crear^ion of well defined areas of 
substrate surface having difiering react ivit.ies. 
Preferafcly, the protecting groups are selectively removed 
frosi the stirface fcy applying a specific activator, such 
as electromagnetic radiation of a specific wavelength and 
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intensity. More prefera&ly, th® specific &ctiva.t.or 
exposes selected areas of the surface to reisov® the 
protecting groups in th«i ex-posed areas. 

Protecting groxsps ot the prese:nt inventioji are 
used in con3unction vith solid phase oligosier syntheses ^ 
sxidh as p^iptide syntheses using natural or tsnnaturaX 
amino acids, nuclfeotid® syntheses using deoxyribonucleic 
and ribonucleic aoids, oligosaccharide synthases, and ths 
like. In addition to protesting the substrate surface 
from uu%fant0<3 reaction, the protecting gt'ou^s block a 
reactive end of the msnommr to prevent 
BBlt-polyn&^rizstti.on, For instance, attachment of a 
l^rotfeoting group to tha amin® terminus of an activated 

ast®r of tise amino mgM, prevents th« amino terisims of 
ona isorsomaf from ra&ctihg with thas aetivatea ©ster 
portion of aiiother during paptida ayntlj^sis* 
XXtemativaly, th« protecting group »ay ba attached to 

tha carboscyl grois,p of an assiiio acid to prai^ent reaction 
at thia site. Moat protecting groups can be att&chad to 
eitiier the aisino or the carJjdjcyl group of an «mlno acia, 
and the nature of the ch«»ioal synthesis will dictate 
which reactiva group will require a protecting group. 
Analogously ^ attachsaant of a protecting gro?ap to the 
S'-hydroKyl group of a nucleoside during synthesis uai«g 
for exaxsple, phosphate-triester coupling che^sistry; 
prevents the S»-hydroxyl of one nucleoside frosi reacting 
vfith the 3 « --activated p,hosphate~triester of another. 

Regardless of the specific use, protscting 
groups are e^sployed to protect a sjoiety on a jsolecuXe 
from reacting vsflth another reagent. Protecting groups of 
the present invention have the following characteristics; 
they prevent, sslecra^J reagents from Bodifying the group 
to which they are attached," they are stable (that is, 
they raisain attached to ths laaiecule) to the synthesis 
reaction conditions; th^y are reimovatole under conditions 
that do not adversely affect the reiaaining structure? and 
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: rsisoved, they do not react appreciably with the 

? surfacsi-bomsd- oligomer. The selection of a 
s:aitabla protecting group will depend, of course, on the 
cfcessdcal nature of the isonomr unit and oligomer, as wail 
as th© specific reagents they are to gsrotect ag<ii.nst. 

In a preferred ^ttgbodisaent;, th<s protecting 
groups are photoactivatable. The properties and ot 
photoreactive protecting cojspotinds have been reviewed > 
See, Hccray et ^1. , MS^-igy- si.apte-^o^laialsm^ 

{ISSSf) 18:239-270, which is incorporated herein by 
re-tssrance. Preferv^bly, th^^ photassnsitiv^. protectisig 
groups will he removable by rsdiatioh ij> the, ultraviolet 
(XW) or visible portion of the el&ctromgnetio spectruja, 
Hore preferably, the protecting groups will tee reisovabl© 
by radiation in the near UV or visible portion of the 
spectjraia. In some embodi^sents , however, activation nay 
be perforaaed by other methods s»cij as localised heating, 
electron feeasa litfeograpJty, laser ptsmpiag, ©xMation or 
redactioh with laicroelaetrode®, and the lika. Sulfonyl 
co^ponndB are suitable reactive groups for electron b«am 
lithography* Ojcidative or reductive ramoval Is 
aocoispiished by eKpoeure of the protecting group to 
electric current source, praf erably ^sing ^ 
directed to tfee predef ined regiohs of the : 
are; deeirsd for activation, 
ligiit of this dlecMiJspe. 

mm, although not all, of 
protecting groups will foe aromatic ccmpoHnds that absorb 
naar-'tJV and visible radiation, suitable photoressovable 
protecting groups are described in, for exaxaple, F.cCray 
Patchornik, J. Amer. .■■CteTn..„Jioc^ (1970) 92: S3 33, 
and teit et al, , ;K Org. Chm... (5 974) 39; 192, which are 
incorporated herein by reiierence, 

A preferred class of photoremovafoie protecting 
groups iists the general forsaala; 
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wfeer«! Fr', R-\. and independently are a liydrogeri a to®, 
a lover alkyi^ aryl, barjsyl, halogen, hydroxy I ^ alkox^l, 
thiol, thioathe^r,, ajsinOf nitro, cat-^box^a, for^sate, 
forrsamido or phos^shidc grsup, or adjacent gsubsstituents 
(i.^., K^-E*. R^-e\ E^~R*) ares substituted oxygen groups 
that together £orm & cyclic acstal or ketalr is a 
hydrogen atow^ a aXkoseyl, allcyl, halo, aryl, or aXtoyI 
group , and n « 0 or l. 

(NV) , -which is used for protecting the carlwxyl terminus 

of an msiltm acid or the hytose^l group of a »ucleotide, 
for example, is formea whms an<J 1?^ are each a methoscy 
group, R^, as4d R* are each a hy«ir»ge» atom, and n 0? 




A preferred projecting group, 
S-nitrov^ratryioxycarbcrsyl (KVOC) ^ which is used to 
protect the ajsino tensinus of an amino acid, for -sxampXe, 
is fo,rmea when and are oach a jsethoxy group, E^, H"* 
and 15^ are each a hydrogen atOM^ attd n - Is 
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Another preferred protecting groups 
6-~nit;r«3pipsroByl (HP) , srJsicli i^^ «sed tor protracting the 
«arbas£yl termiit'us of an amino ®cia or the hydroxy! group 
of a Bucleotid®, for example, is forss^d vh«n and 
together form a sifethyiene acetal, H^, and are aach a 




imottor preferred protecting gro»p> 
^-nitxopmromlow^^Thom , wfeiefe is u^ed to 

prsiteefe the sjsino tmrmtms of m mino acM, for ©ssample, 
is fsjzss^d wiien atsd together form a metisyierie ac«taX> 
It^, end SE,^ am «aesfe a hydrogen atojsi, and n « Is 




jsost preferred protecting group, 
methyi-S-SiitJroveratryi (Heirsr) , whicfe is 52s®d for 
protecting the carbcseyl t&minus of an amino aeid or the 
hydro3£yl group of a mcleotide, for example, is formed 
wliess # md ere each a mel^oscs^ group, E^^ end ere 
^edbt a liydrogen etcsm. ^ U a isetbyl group, aiid n ^ 0t 
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Another jaojst; pref sirred projecting group; 
stethyl-S-nitrovexatryloxycartooiiyl (H^J^VOC) , which is used 
to protect- t-he amino tertidnus of an assix-io acid^ for 
example, is forced \«'hen K"* asid R^^ are each a ^sthoxy 
gro^^p,, Pr^ and K'* are eaoh a hydrogw atom, is a methyl 
group J and n ™ Is 




igetfeyi-^e-sitroFiperonyl (HeHP) , whieft is used tot 
|srts*?edti»9 tjh© ci&tjaojcyi t^risintts S9f ian amino apM or tli^ 
hyaroscyi group of a Bisql^^iiid^, f or es£aiBpi#^ is f orss^d 

R® and R^ together form & mmthiiImB ^c«ital, # R* 
are mtsh a ijyiSi?og«!ft atoa, R^ is a i»sfch:ri fro^p, and 




Msotiher most preferred protecting groap^ 
sietbyI-6-nitropiperonyloxycarbonyl (MeHPOC) , which is 
us«d to project the asiino terminus of axi ssssino acid or to 
protect te 5' hydroxyl of nucleosides, for e^cample, is 
fonsed whan R^ and R-^ together fo» a methylene acetal, 
and are aacii a hydrogssn atom, R^ is a metliyl group, and 
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A protacted amino aqid having a 
photoactiTa-table oscycarbonyl protecting group, such NVOC 
or NFOC or their corresponding tsethyl derivatives, HeKVOC 
or MeNPOC, respectiv^sly, on the^ asair^o ter^ainus is forssed 
by acyXating the amin© of tiie aisixio acid with an 
activated oxycarbonyl ester of tfee protecting group, 
Exaiuples of activated OKyaarbonyi asters of moc and 
Hesrvoc te^e the general formulas 




^Ussrs X is halogen, mixed anhydride^ phmow, 
p~nitrophenoKy^ H-iiydrosc^sacclnimiae, and the like. 

protected amino acid or nucleotide having a 
photoactivatabla protecting group , such ae m or HP or 
their correepoMing methyl darivativ«a, Mel?V or MsHP, 
respectively, on the oarboxy tensir.us of tha a^aina acid 
or 5* "-hydroxy terminus of the nucleotide, is formed by 
aoylating the oarfcoK-y terminus or 5 '-OH with an activated 
bensyl derivative the protacting group. E>;axsples of 
activated ben2;Yl derivatives of HeKV and M&m have the 
general forsaula: 




wo 
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trifiuorotnethyl, ai&zc, aaido, and the liKe. 

Another s^>ethod for generating protected 
monomers is zo react, the fceTisylic aicohol derivative of 
fhB protecting group wit!> an acfcivatad ester of tise 
monoiser. For eaiaiapXe, to protect the c&ri303cyl termis^us 
of an sBlno acid, an activnt&d ester of ths amino acid is 
reacted with the alcohol derivative of the protectttig 
qronp, sucsh stB s-xsifcroveratrpl (SfVOH) , Examples of 
activated meters stxitaOsie for staeh uses include 
haXo-formte, laissed anhydride, imidaaoyl formate, acyl 
halide, and also iisolud® fonaatiori of the activated ester 
M tl^ the use of cossmon reagejite s»ch as DCC and tfee 
like, see Atherton for other examples of 

activated esters. 

A further matHod for ^eneratijig protected 
monomers is to react the Jsensylic alcohol derivative of 
the protecting group with an activated carbon of the 
Bonosaer. For eseample, to protect the S'-hydroxyl group 
of a ntsclsic acid, a derivative hearing a 5 '-activated 
carfoon is reacted with the alcofeoi derivative of the 
protecting group, sisch as methyl --ft-nitropiperonol 
(MePyEDH) . Escajsples of nucleotides having activating 
groups attached to the §»-hydroxyl group have the genarai 
fotwjiaj 




^ere f ie a halogeii atoas, a toeyl, msfl, 
trifl«oro»thyl, as^ido, or diaseo ^mp, assd the im* 

toother cXase of pref erred pshotechemical 
protecting groups has the fonswla? 
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wMr® Mia iBdepexsdently are a liydrsgsn atom, a 

Icmmr aikjl, mX^ feansyl, haiofsn, &ydro;sryl, slkoxyl, 
thiol, fchio^tfem:, mim, «itro, carboxja, format®, 
mrmmMo, sulfantos, «uxmo or ptapfeMo group, 
# iuaepanaeatlf are a Jjyarogeii atos». Mi «iko3£y, ^iJtyX, 
Jiaip, arri, or aifeenyl gfroup? a»a n m- o or 1, 

h pt^t&rrm proteetiiM #rci«p, 
i~P:Frwiis^thyXoxF«arfeo^ ( JPyltOC) , which Is »d to 
Ijrotecfc the aisiiio fcermintis ef m mm ^saapX®, 




AT50'tii©r pref^rrssd protect; ing groupi, 
l-pyrenylJT-ethyl {PyR) , vhich is used for protecting the. 
carboxy termirsus of an amino acid or the hydroxyl group 
ot a nuclsotidsi, far example, is forssss^d wben through 
are eaesh a hydrog^ a-fcast ^isd n m. m 



m 

hxi aisino acid ti&ving a pyrenyHssthyloxycarfconyl 
protecting groisp 01 its aaino temsirsiss is forBe.d by 
acjylatior. of th& fr«e SBi^e of. assino acid with as 
activated oxycarbonyl aster of the. pyx'snyl protecting 
group. E'seassplas of activated oajycjartoonyl esters of PyROC 
feavs t&® general forsaula s 




A $»rotiectea amino acM or molootia^ teiag a 
^Gtoscti^ataMa prote«^ mch m PyE, o« 

car&pKy tensiBus of tfee aisiiso aciS or 5 '-.Ji5rard5ey %m^mmm 
at nm nmMc acM, r^&p&^ctlvmXt , is «onimd fey acylatiisg 
the carPojsy terminisas or S * -KJK witfe ^n actimfesd 
pyrenylssethyl derivative of th& pmtmting group. 
Examples of activated pyraBylmetih:?! derivative's of l^ySOC 
have the ges^erai formula j 




where X is a halogen atom, a hy<lro3cyl, diago, or assido 
groiip, md tm lilea* 

tootliar metiiod of generating proteofcad mpnomari 
is to reaet the p^renyimefclsyl aa^cohoX jgoi^ty of the 
protecting grosp ^^itls an acti-^at^ ester of tlie Monmm. 
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TOT example ^ at) activated esst«r of an tmino acid can be 
reactea with the alcohol teivativ€s of the pratectiftg 
^up, s^uch as pyr©ByXm«thyl alcohol fP>''RCH) , to f orra the 
protected derivative of the carboicy tsrainus of the amlx^o 
8s?idx BKa3apI«ss of activated SiSt^rs include halo-for^^ate, 
mixed asihydride, iaiaazoyl formate, acyl halide, and also 
include formation of the activated aster Is ^iu^ and the 
use »f coxmon reagents such as DCC mui the like. 

Cl^eariy, Jsany ptsotosensitive protecting groups 
are suitable for use in the preser.t in^v-ention. 

In preferred enhodij^ient^, the substrate is 
irx-adiated to remove the photorejsovable protecting groups 
^r»d create regions having free reactive jnoieties and side 
products resulting froj^j the protecting group. The 
removal rate of the protecting groups depends tsn thfe 
wavelength and intensity of the incidesit radiation, as 
well as the physical a»a chessical properties of the 
protecting groap itself, Fr®f«arr®d protecting growps are 
removed at a faster rate and with a lower intensity of 
radiation. For essas^ie, at a given »et of conditiqns, 
; are photolytically removed from the 
of a peptide chain faster than th^ir 



Removal of the protecting group is acsomplished 
toy irradiation to separate the reactive group and the 
degradation products deriv^a frors the protecting group. 
mt wishing to be botind by r-heory, it is foeiievad that 
irradiation of an HVOC*- and HeK'VDC-protectad oligomers 
occurs by the follo%ring reaction schessesj 

l!<¥OC-AA -> 3,4'~di3sethoxy~6-nitrosQben£aldehyde CO^ t ?iA 
MeiWOC"AA~> 3,4'-dimeth03£^'»6-'nitro3oacetophenone -s- CO^ -f iU^ 



where repr^s^nts the M-terminus of the amino acid 
oligoiserx 
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Along vitb the unprotesct-sd a^sino acid, other 
products are liberated into solution j carbon dioxide and 
a 2 , a-dijasthoxY-e-nitrosophmiylcarbonyX cosipous^d, which 
can react with nucleopr^illc portions of the oligomer to 
tOT^ unwanted secondary reactions. In the case of an 
?<fVOC~protected amino acid, the degradation product is a 
nitrosobersxaldehyde, while the degradation product tov 
the othex- is a nitrosophsnyl ketone v For intstance, it is 
bslisvM that th© product aidehyde siroisi moc degradation 
reacts with free amities to for® « ScUiff base {Imine) 
t&at affects the rssaalnxjsg polymer synthesis. Preferred 
jjfeotDrmovable protecting ^o«ps react slowly or 
rsversibly with the oXigo»@r on the support* 

Ag&in tiot wistog to is^ mmd by tiaeory , it is 
bfelieved mat the product ketone from irradiation of a 
Hemroc~|>rotect«a oligoaser reacts at a slower rat® with 
nticleophilee on the oiigosier tto the product aM^ydes 
from irradiation of the same WOC-proteotea oligosser. 
Although not tmaisbigaottsly d^tersaiuod, it is feeiieved 
that thisi difference in reaction rate Is dtse to the 
difference in general reactivity betweesi aldehydes and 
kctonf^s towards micleophiles due to sterio and electronic 
effeots. 

The photorerovable protecting qroiips of th^ 
present invention are readily resrsoved. For ©xasipie^ the 
phctciyjsie of H-protected L-phenyialanins in solution 
having different photore^.ovable protecting groups vas 
analysed, and the results are presented in the following 
tablet 

Table 



^i,.a>a.S...J.t.g?.o.nds 

s mm ^ ,. HBOC mm mmm^ 

Dteane 1288 110 24 




ThB half lif«. t.,. is th^ timB in seconds 
r©q>iir®d. to remove S0% of the starting Bmouji-t of 
protecting group. UBOC is the «--nltrobe.nKyI«3cycarbcjnyl 
gro\ip^ JIVDC is the S-nitroveratrv'icxycarbony,l groxip, 
MeNVOC is the iset.hyl'-S'-nitrcvsratryiosfycarboirjyi group ^ 
arid MeHPOC is the ffiethyl-g-nitropiperonyloxycarboByl 
group. The photolysis was carried out in the indicated 
scavent with 362/364 ngs~%f&V€slsngth irradiation ha^^ing an 
intensity of ID ssW/cm^^ and the concentration of each 
protected phenylalanines was D«10 ail-!. 

The table shows that deprotsction of mvoc-, 




of peptides on a solici-piiase 
support requires the step-wise attachment of an amino acid 
to a substrate-bo-and growing chain. In order to prevent 
tinwanted polyiaerlssation of the monciseric aisino acid tindar 
the reaction cossditions, protection of the amino terminus 
af tiie amine acid is required. After the monoiser is 
coupled to the end of the peptide* ttee Ji-terssinal 
protecting group is removed^ and another amino acid is 
coupled to the chain. IJhi® oyole of coupling and 
deprotectiTig oontinwsd for each aisina acid in the 
peptide sequeisce* S®^ M^rifieXd, 
(1^63) S1?214S, and Athertcn^^,, «aoIi4 
S>eptiae Synth«si^« X9S$, XWu PxmsB, London, b 
iiscorporatad h&rain hj refi&rtsnce to: 
described above, the use of a photoressovahXs protecting 
groxsp allows removal of selected portions of th© 
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substrate surface, via patterned irradiation, duritt'^ the 
depx'otection cycle of solid phase synt,hesi.s> This 
selectively allows; spatial contrcsl of. fcha synthesis— the 
nm^ asiijio acid is c:oupXed only to the irradiated areas. 

In oBe eisbodiiseiit, t3se photoreasovabl® 
protecrfcing groisps of tiie pt&mnt, imrentiou are attached 
to an acsti-vated ester of m amino acid at th«! amino 




whare R is th€i side chain of a natural or unnatural amino 
acid, X is a photoreasovahle protecting group, and ^ is an 
activates «arboKyXic acid derivative. The photoreisovabl^ 
protecting group, K# isi preferably woe, NPOC, fv^roc, 
MeKVOC, MoHPOC, and the like discussed above. Th« 
activated ester, \% Is preferably a reactive derivative 
Slaving a high coupling efficiency, sisch as an acyl 
halide, misted anitydr ide , l^~hydroxyswcciniKid<& ester,, 
perfluorophenyl eater, or urethane protected acid, and 
the like< Other activated «ssters and reaction conditions 
are veil known (See Atharton e:& il-)* 

Th& f onsation of oIigomoXeotid«s on a 
soXld-phaee ssu|jport r&t^lT&B th® stepwise attachment of a 
nucleotMe to a subatrate-feomsd growing oligomer. In 
order to prevent un??anted poiy^^eriEation of the ssxonomm.vic 
Bi3cleotide under the rssaction conditions ^ protecticsn of 
the S ' >"hydro5fyl grox^p of the nucleotide is required. 
After the jsonosser as coupled to the end of the oligoiser, 
the 5 '-hydroxy! protecting group is reiaovea, and another 
n\JoXeotide ie coupled to the chain , This cycie of 



so 

cowpling arsd deprotectir^g is continued for ^^ach 
nucleotide in the oXigosaer seguenae. Se® Gaxt^ 
«01igonucl<sotide Syntisesis; A Pra,ct.ical Approach" 
XSL Press J, LoBdcsn, incorporates^ herein by reference for 
ali purposes V As dsscrifoed above ^ the yse of a 
photorersovablfe protecting group allows removal, via 
patterned irradiatioi^, of selected portions of the 
sixbstrate surface during tlie deprotection cyci« of the 
solid phaso synthesis. This seiectiv^sly allows spatial 
control of the ayisthesis— the next nucleotide is coupled 
only to tl3.e irsradiated areas. 

Oligonucleotide synthesis generally involves 
coupling an activated phospfhoroue derivative on the 
a '-hy^Sroasyl gromp of a nuaiedtiae with t$m S '^hjr^irosgyl 
grotsp of an oligomer hornid to a solid stipport. T%ro :major 
chemical aw»ttood» aaciat to perform this couplings the 
ph©®phate»triester and isho«phora»i«aite methods (See 
Salt) . S^otecting groups of the present invention are 
sttitafele -use in either laethod. 

I^rotecting group is attached to an activated nucleotide 
on the ^ * ":"hydro3i^l. group; 



where B is the base attached to the sugar ring; 1^ is a 
hydrogen sto-n when the siigar is deoxyribose or H is a 
hydro5s:yi group when the ?s^^gar is ribose? P represents an 
activated phosphorous group; and X is a photore^sovaLble 
protect irsq group, Tha photorjumovatfle protecting group, 
X,, is preferably , HP, PyR, HeNV, MeNP, HVOC, HPOC, 
PySOC, Mewoc, n&moc, and the like as described aho%^e. 
The activated phosphorous group ;f P, is preferably a 
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reactive derivative having a high coupling affloi.ency, 
s«ch as a phosphate-triestsr, phosphoraxaidite or the 
like. Other activated phosphorous derivatives, as well 
as reaction cossditiorts, Jmown (See Gait) , 



m 
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During M^rrifieid peptide syn-fctesis, an 
activated est^r of ona assino acM is coupled with the 
fr©« amino terminus of a «i3bstrate*-fe»una oligmer. 
Acfci-^rated asters ctf amiwo acids suitable for th« soliql 
phase syrsthesis ijiclude halo-f ormat® ^ mixed anhydride^ 
i^aidazoyl formate, acyl halid«s, and also includes 
forssation of the activated est©r ,in situ aM the 
use of cominon reagents sucii a.s DCC aM the like 
(Sea AthertoB ^ al . > . K preferred protected and 
actiyatM assiho a^id ls3x^ geherai foissul^s 




protecting gmm attached to the amine. A nsora j>sr©f acred 
aotivatea ajsino acid is £oximd men the pkotor«movabl# 
protecting §sm^ haa t^e gaiseral formla; 




vhere R^, H"^, H'^ and R"^ indeperidently are a hydrog^sn atom, 
a lo-wer alkyl, aryl , benzyl, hslog«Ti, .hyd>ro>ryl aXkoxyl, 
thiol, thioether, assino, nitro, carboxyl, f ornate, 
fcrmamido or phosphide group, or adjacent sufestitae^ts 
(i,e,, R*--R^, R^~R*) are substituted ostygen groups 



§3 

taiat t<5g®%ar fona a cyclic acetai or ketal? and is ® 
group, 

A pref«rr«d activated assis^o acM is 
iiSTsmA vh&n the photor«JSOvafola protec;t,ing group is 
S"-nitsrov©ratrylo3fyearbonyl . That is, and R"* are aach a 
Itydrsgesi atois, and are &a«h a ^©thcscy group, and 
is a fefsirof^n atois« toother pr«f arr«cl acti¥atM 
acid is forssM Mh^n th^ photoremovabia ^roiap is 
s-»Bitr©pip«sron3?is ajiil m£m «acii a hydrogeft atom, # 
and ^ togetter fom a mmflmm ao«tal, md is a 

jmothsr prfeferrM actisfstad amino acid 1§ 




on 



where S^, 1^, and R^' ind*spendently are a hydrogen atom, a 
lovi'er a Iky I,, aryl, benzyl, halogen, hydroxy 1. alko>fyl, 
thiol f rhioetherf amino, nitro, carboxyl, format®, 
forumaiao, ss^^lf anate, sulfides or phosphido grotap^ and 
and R-* independently are a hydrogen atois, an alkoxy^ 
alkyl, halo, aryl,, or alkenyl group* The resulting 
compound is a ur ethane-protected atsino acid having a 
pyrenylKjethylojrv'carboRyl protecting qroxxp attached to the 
h mre preferred ^taodiment is formed %rhen 

aaiiso acids kmitag a 
protsictiftg gro\jp of tfee presmst i3?iY@ntion 
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sr© prepared hj coMensatio^ of an H-protiected amino aoid 
vith an acyl&ting agent such as «b acyX hali.de, 
ajxhydriae, sSfeXoro format,© assd the like (See Fuller ®t ^ 
t?.S. Patent Ho, 4,946^942 and Fuller ^ al., a. Asa^r, 
ChBM, BOG, (1990) 312:74X4-7416, both herslr. incorporated 
by r«fer«KCse for all purposes) , 

Urethane-^protected asiino acids having 
photoressova&le protecting groMps ar« generally useful as 
reagents during solid-plnass peptide synthesis, and 
toaca^uae of the spatial select ivity possible with the 
photoretsovable protect.ing groups, are aspsciaily useful 
for the spatially addrasaing peptide synthesis « These 
aiuino acids are difiinctional : tba uretiiane graup first 
serves to activate the carbojcy terminus for reaction with 
the amine hound to the sisrfac:©, and, ono® tbe peptide 
hand is fonaed, thm pliotoremovai^le pr«>tecting group 
protects th© newly formal «iai«o terminus frosi further 
reaction. These amino aci4s are also bi^bly reactive to 
nucleophiles, such as deprotected aminee on the surface 
of tSse solid eapport, ahd due to this Mgh reactivitir, 
the soXid-phaea peptide coupling ti3a«^ ars significantly 
reduceid, and yieMa are tfpicaXlF higher. 

siifestrates preimred in accordance with the 
abonre description ars used in one eisSaodiment to determine 
which of the plurality of sequences thereon bind to a 
receptor of interest, Fig» 10 illustrates one eisbodisaent 
of a device used to detect regions of a substrate wbich 
contain florescent max'kers. This device would be ufsedf 
for exassple, to detect, the presence or absence of a 
fluorescent Xy labeled receptor sxicb as an antitoody which 
has bound to a synthasijied polysrser on a substrate. 

Light is directed at the substrate Sro^r* a lighr 
source 1002 such as a laser light source of the type well 
town to those of s)cili in the art aiach as a model no. 
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2025 jaade by Spectra Fhysic^. Llglit frosi the source is 
directed at a lens 1004 v^«ich preferably a cylindrical 
lens of the type well kno^*-n to those of skill in the art.. 
The resultiiKj output from the lens 1004 is a linear beam 
rather than a spot of light, Thiss,. data cax^. foe detected 
substantially simltamoiasily along a linear array of 
pixels rather than on a pixel -tey-piHel basis, it vili be- 
understood that while a cylindrical ies>s is used herein 
as ah illustration of on^ teaimi«|ue for generating a 
linear beans of iigfet on a surface, other tecteiquesi could 
also be utiliaM* 

Th« fe»ais from the cyXiMricaX l^s is passed 
tlirough a dicferoic mirror or prism and directed at th<fe 
smmm of the sxiitalsly pt;mpi!iT®a stifestrat* lOOS . 
Stabetrate 1008 is placed on an se-y txansl&tion stage 100» 
siich ae a mm^l m. 3sad« fey iSfawport* Certain 

aocafcioss® on tbe asslsstrate will fluoresce end 
fluoresoenc® will be liransmllitea aloisg tte patJi inaic^ted 
by «aasbed linee foacK tJirou^ the dichroie stirrer, and 
focwsea witb a suitable l«ns 10X0 euch eg an f/i«4 camera 
lens on a linear detector 1012 via & mriatele f stop 
focusing lens 1014, Throiagh uee of a linear light beam. 
It becosjes possible to generate data over a line of 
pixels (such as about 1 cm) along the substrato, rather 
than from individual points on the substrate, in 
alternative essbcdiisents , light is directed at a 2™ 
disaensional area of the sufostrate and fluorescence is 
detected by a a-dlsjensienai CCB array. Linear detection 
is preferred becatjse subetaiiti&llf higher power densities 
are obtained- 

Detector X012 detects the amount of 
fluorescence easitted frois the substrate as a function of 
position. According to one embodiusent the detector is a 
linear CCB array of the type cosusosiiy Icnowji to those of 
skill in the art. The X-y translation stage, the light 
source, and the detector 1012 are all operably connected 
to a computer 101« such as an IBM PC~AT or equivalent for 
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cont^rol of th«s device axid data call^cftion from the CCD 



IB operation, the s^strata is appropriately 
positioned fey tli© translatiorj stag«, Thm light source 1© 
then iXXuminated, md fi«oresceiice. interjsity dat.a are 
gathered with the computer via the detector. 

In an alternate eisbodiBent , the substrate and 
x/y translation table are piacssd suder a isicroscope which 
iKsMes one or more objectives. Light (about 4S8 xm.) 
from a laser, whi«5h in some imbodimsnts is a model r)a, 
2020-05 argox^ ion laser Bawfactured by Spect-raphyssics, 
is directea at: the substrate fey a dicnrcic Ts^srror which 
passes gx-eater than about sao jm ligbt bu^ refXeots 
48 S j>m 3.ight> The dichroic mirror -my h^t tor eseajspie, a 
modal no, FT510 sjamtaettsred by Carl iSeiss, Light 
reflected from the mirror then enters the microscos>® 
which Bay ba. for eseasaple, a model no. Axioscop 20 

. fey CJarl !geiss* Fltiorescein"mr3?:«st aiaterial^ 
will fluores^oe >488 tm light, and the 
fluoresced light will he eollected by the microscope asid 




filt« 

mvei«ngtU filter laay toe, for example, a lacdel na. 
Banufact^r«d by Mellee Griot aii<l the aperture plate may 
toe, for example, a mosiel no, 4773S2/4773S0 manufactured 
toy carl ^eiss. 

*l?he fluoresced light then enters a 
photossultipli^r tube which in some ejsbodijaents is a jsodel 
no, R943"'0a mani^factured by Hamamatsti, tba signal is 
amplified in a preaiaplif ier and photons are counted by a 
photon counter. The number of photons is recorded as a 
iuftctlon of the location in tn& cowputBT. The pre-amp 
may be, for e^cassple, a model no. SR440 jnanuf actured by 
Stanford Researct Syster^s and the photon counter mny be a 
model no, smoo manufactured by Stanford Research 
systeiss, The substrate is then moved to a subsequent 
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location and t^e process is r^peatsdx In preferred 
sssbodi^usrxs; th« dat,a ar<fe acsquirad every .1 to 100 im with 
a data collection diameter of about d.B to 10 uis 
preferred. In smbodimsrxs with sufficiently bigb 
£iuorescance , a CCD detector with broadfisld illuBi nation 
is tJtllised^ 

Fig- 11 illustrates the architecti^re ot the 
data oolle-ction system in greater detail. Operation of 
the system occurs isnaer the direction of the photon 
Gouhting pro^rais ass^r inputs scan 

diuaissloTis, the rstsssber of pixels or ^ata points in a 
region, aM the scan speed to tlie counting program. Via 
a GPIB bus 1X04 this program (in an IBM PC c«si|>atible 
coisjputar* for exajapie) interfaces with a istwltichann^l 
scalar 1106 sttch asi & Stanford Research SK 430 and an x-y 
stacfa controller llOS ^tsch as a Newport mBm, -sfee 
aigisaiX fros> the ll^Jit from tih» fluorescing s\sfestrate 
enters a ph©t©mltipli«r 1110, providing csut$sist to th« 
scaler 1106. Data ar^ output frois the scaler indicative 
of the n«58ber of counts in a given region. After 
scanning a selected area^ the staga controller is 
activated with coimands for acceleration and velocity, 
which in turn drives the scan stage 1112 atsch as a 
Hawport PHSDO-A to another region* 

Data are collected in an iiaage data file ill 4 
and prscassed ix^ a scaling prograis 1116- A scaled issage 
is outpxst for display on, for exaaple, a VGA display 
Ills. The issage is scaled based on an input of the 
percentage of pixels to clip and the r.ini^ut« and Tsaxisaius 
pi5iei levels to he viewed, The systems outputs for use 
m.B mXn and ssass pixel levels in the raw data. 

The output from the data collection systems is 
an array of data indicative of fluorescence intensjxty 
versus location on the substrate, !l!he data are typically 
taken ovor regions siiJ»atantially smaller than the area in 



Herely fey way of 




dirnerssions of S microns fey 5 microns. In laost preferred 
eTs.bodiments, tha regions av©r vMch florescence data ar« 
taken across the st3bstrai:.e are less than about 1/2 the 
srea of t&e regions in which ix^iSiviclual poii'^ers are 
ssynthesiEsdf preferably less than I/IO the area in which 
a single pol:^^er is synthesized, and most pr^sfaraibly 
than l/TOO the srea In vfhich a single poi^iser is 
synthesiaed, Hen;3c, withiTi any area is which a given 
polyjaer has been synth«slised, a large number of 
f Itt6r«sc5(&.i5ce data points : 

A plot of th« mmt^t: of : 
£I\aor®sc«inc;e intensity for a scan of a cell wh««i it has 
been exposed to, for eaeats^le^ a iaiseied antibody will 
typically take th® form of a h&ll curare, but spurious 
data are oteervedi, particiilariy at higher intensities, 
since it is desirafel® to tjis® an awrage of f iuoreecenoe 
ititeibisity ovar a giv^ synthesis region ii* determining 
relative binding affinity, these sptsrious data will tend 
to tindesiraMy ^kew t&e data. 

Aocordingiy, in one ^cdimant of tliss invention 
tb.e data are corrected for removal of these spurious data 
points ^ and an average of the data points is thereafter 
utilised in determining relative binding efficiency. 

Fig. 12 illustrates one esribodiment of a systems 
for ressoval of spurious d&ta Crois a set of f Itsorescence 
dv^-ca such as data used in affinity screening studies > A 
user or the sys:tem inputs data relating to tha chip 
location and call corners at stap 1302. Fro® this 
information and the issage file,, the systesn creat.as a 
compx3ter reprecsentation of a histograis at step 1304, the 
histograF; (at. least in the forss of a coTsptstar file) 
plotting nuiiSher of data pixels versus intensity. 
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For eaeli cell, a isai« data amiysis loop 1^ 
performed. For ^a.ch qell. at st©p 1306, sysl:^ 
calctilat^s tte® t;otai f lwor«sc#nce i^mrmm or n«^@r of 
pisceis for tk^ feandvidtfe «&nterea sromd varying 
intensity lav^ls. For ©se&siplfe. as sfeowi to tlie plot to 
tfee riglit of step 130€, the ^yettsm caXssuIates th« n?#te«r 

of piE^is withiB t&a mnd of ^mm w^^m mm 

thi& ba»«dtfe to a fei^ea: center isitaB^itf , ^nS 
mis procet^s M T&pm^ «»til th^ ^ir^ raiage of 
s ^Icfe mm hm tise isl#i«st tsstai 



at 

further amXy^i^ - the baiisSwi<Stfe is selected to 

be reasqn«iS>ly smll, this proc«(l\sre will tov® tii^ egfoct 
of ^irnhmmm ^pwmm data iocat^a at th^ 
isitaasit:? levels, systesa tli^jR r^p^ats «t ^t#jj 131?? 

if OfeXXs Mve mm «v«iiiatea, or r^pe^ts f o^ tte n« 

At st^p 1312 tlje system then int^grat^s tl5« 
4ata witHin tfes feaMwidtth for each of selected cells, 
sorts thB data at step 1314 mim the syatliesis proe^tor^ 
fiXe^ aisft displays ths data tss a tiser m, tor e^ampie, a 
vMeo ilisplay or a printer* 



Qlia;onttele<3fci de.JYJl^MEi^ 

rhm gm&r&im of ligfet «iirecfc«<a spatially 
' .is-' 



iby application to mcleio aci<l syiitJiesis. 



1* 

Mgfet acttvatsd: formatiosi of a thymiaisse- 
oytisline toer was carried otit. 2^ ttot^o diisertgionai 
roS5resfe»ttation pt a fliioreisc^noe scm showinf a 7 sc|ixara 
1^ 4 s^are ofeesifses^teoara pattern gWratM M ii^fet- 
ajmctea spitfeesis of a aisms^ieotide wiis protoM. 
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5 » -ni troveratryX t±iyjsiainei was attached to a synthesis 
£s«bstr<at:.e through t.he 3 « . hydroxif 1 group, Th« 
nitrovsratryl protecting grotsps ver& reiaoved by 
11 Umsi nation through a 500 ajs checkerboard ssasfc. The 
siibstrate was zhen traated with phcsr>phoramidite acti.vated 
2 '-deoxycytidlTie. in order to follow the reactiorj 
fliiorometrically, th© deoxycytidine ha<3 fes^en isodified 
with an FMOC protected aminohescyl linker attachod to the 
ejfocyclic amise ( 5 ' -o-d im«thoxytrityl-4 ( s-H- 
fluoreB3rl38ethylcarbaBoyl"her^lcarboxy) -2 '-deoxycytidine) . 
Aft«r removal of tjhie iHQC protecting group with .base, the 



fluor«ssc®ntly labelled by trestmant of the sistestrate with 



m - 

intaa^ity dsta stoowiiig aiternafcljig : 
of JsrigJjt: raised pixels mprodncBm the checkerboard 
llliMiisation pattern usad teissg photolysis of tha 
substrata* This reatilt damo»str&tas that 
oXigontscleotides as mill mB papfcia^s can ba syisthasized 
tlie Idght-dirfectsd kathoa* 

In at^other example th« light-activate 
formation of thymidine~cyt;iaiJie~'C>>^idiue was carrie<l out 
as shown in Fig, 13. Here, as in the previous exassple, 
S'-nitroveratrvi thy^sidine was atttached to the substrate, 
via phosphoramidite chexsistry to a stsrface containing 
[Bis (2""hydroxFethyl)'-3'-amihopropylsllo5ca«el . The slide 
«'as then i;iniforialy illusjinatad (362nm at - X4®W/cs5^) for 
10 rairmtes in the p^^^^nce ot dioxane. After dr^?ing, tha 
snrfuice was then treated with H,4^dimethox>^tritvl'-5»~ 
■Ditroveratri-l'-S * -deoxi^cytldine-s ' -0^ ( a-cyanoethyl) N- 
diisopropylphosphoraaiaite in the presence of tetrassole 
(standard phospharansidite coupling chessistry) , Afi:er 
oxidigiing and drying, the plate was again illuminated as 
before except that a 500 m checkerboard ssask was placed 
between the light eoisrce and the eXida. The surface was 
to 5 * (4 , 4 * ^Dimethoscsr) -~isf-4- (6- 
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i (Biot:inoyX)aBino]l,h«xanayI)»mino)hes£anoyl , axainoha:^yl ) •»5- 
diisapropylphosphoraaidite with tetraasal^v After 
oxiiSl^ing and drying , the areas which contained the 
txit}«clsotide wsre f liiroesce.ntly labelled toy treatisent 
with FXTC labled streptavidin, A resulting 
representation of the fl«or«sc;«:xsce intensity data shovad 
alternating bright and dark souares corresponding to the 
SOO m ^tid cissckertooard iXltiBiination pattern used during 




ills a solid-- 



s illustrative and not 
restrictive. Many variations of the invantion will 
become apparent to tfeo^a of skill in th« art upon ravxew 
ot this diBclostare. Merely by way of ex^assple, ^^hiie the 
invention is illustrated priisarily with regard to peptide 
and nucleotide synthesis, the invention is net so 
lissited. The scop^ of the invention should, therefore ^ 
toe dstenained not witl^ reference to the above 
description, tout instead should be determined with 
reference to tlie appended claiiss along with, th^ir full 
scope of fe<|uiv&Xents. 



IHFOBMATXON FOR SEQ W mUt 

(A) LEHSTEs 5 amino acids 

(B) TtVZ% mino acid 

(C) StmmWMESSt single 
(D| TOPOLOGY J linear 

(ii) MOLECtJIiE TYPES p«ptMe 



T^r ai;^ <siY me mn 



IHFOimTION FOR SEQ ID 

(A) LH^OS!!; S aislno acids 



Pm SX^ my X*«fc«i 
1 S 



FOR sm ID mm 

(A) lE.mTB.i S amino aci^s 
(g) TYPES amiito acid 
{O StEMIDES^BSS; single 



TfT <3ly Ala Giy Ph® 



^cr/vsnmmm 



^% tsm^mt & amino a«idj§ 
(8) amino acid 

ID) fomwtJ liTO&r ^ 



im 



Tft Sly Ala mm 1^ S«r 



(2) in¥omM!ion for seo id ifosss 
(i) BEQumcz cBmkcrmiBTXCBt 

(A) liBmTEt 5 amxBo aca-ds 

(B) TtPEs amino «cid 

(C) STEMIDEDHISS: single 

(D) TOPOLOGY; linear 

(11) MOLBCOLE OTE: p®ptid« 



(>ei) SEQUENCE DESCRIPTIOHi SIQ ID 
Tyr Gly Ai« Ph« s«ar 
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m LmmMt S amine acid© 
{B) OTE: amino acid 

m Tommmt linear 

Cii) HOLECtJI*E nmt peptide 



IJjrr Sly Ma S»Ji«t L&a 
1 t 



Xl^B'OimTXO?? FOR SSQ ID mtit 

(i) SEQlWeE CHABACrSRI STXCS 5 
(k) LEHGTEj 6 amino acids 
(S) TYPE; amino acid 
(C^. SimKBEDHESS; single 
CD) TOPOLOGIf; linear 

Cii) HOLECOLE TtFEJ pe^gstid^ 



T^T Qly Gly Phe I*eti s«e 
1 S 



(2) IHFOBmTIOH TOR SEO ID HOlSs 

(B) amino AOidi 

CD) TOPOX^OGY: XitMar 
(11) HOLEOTLE TXPEs p«pti4» 



aiY Ma 



^ (2) I^GTH: 5 amino acxds 
(B) TtPEt 2tmino acia 

(B5 T0FOLDGY5 linear 



(xl) SEQ^BIICE 

^ Giy iiXa : 
1 



DESCBXPTIOSIS SEO IB HQ S S i 



(2) IWOPMkTlOn FOR BEQ ID HOtlOS 
(i) 



(A) LMQTEs 5 amino acisSs 

(B) Ttmt miim acid 

(D) t^omaYt iinaar ^ 
(ii) HOtlCtlLE TYFE? peptide 



ixi) SEQUENCE SKQ ID UQilOS 

X^r Giy aiy :^he S«r 
3. S 



w&mamm 



mrwmi/mm 



IlWQmm:iOti FOB ;:^EQ ID NOsll; 

liKISfHs 4 amino acids 

(C) STRMIBBDHSSS i single 

(D) TDFOLOGSj linear 

(ii) MOI^ECtJl^E TYPE: peptide 



(3€i) SEQOEHCE OESCHIPTION: SEC II? HpSUS 

Tyt GlY ikla Lea 



FOR SSQ ID mtlZt 




Tyr Qly Ala 
1 



(2) IJIF0PJ«ATI03Sf FOR SSQ IB HO; 13 J 

(A) IvSHGTH? 5 amino acids 

(B) TiPSi amino acid 

(C) STBMt>mmSBt single. 

(D) TOPOX^SYs linear 

fii) JJOl^lCOLS TOB: peptide 



Tyr ^ly Ma Fh« Fh® 

1: S 



mt/mmmm 




(ii) 



Tjfr SiY Sly Lsu s«r 
1 s 
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(S£i) SmxmCB DKSCRIPTIOK! SZQ ID mtmi 
Tp- my imr V'hm Imx 

I 5 



FOR SBQ SB NOJies 




(11) 



TjiT Sly 

1 ^ 




m SXy Fhe tm S©r mm 
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(2) mmmATmn foh seq id nous*. 

(A) hmGTKi 6 ajsino aqi<3s 

(B) Ttmt amino acta 

(C) STja»EDI?BSS: single 
CD) 'imoWQJi linear 

(11) HOLECOLE TWI^t pept^ia^i 



(xi) 



Tyr Sly : 
1 



INFOHMATIDH FOR SEQ ID HO: 19? 

(i) SEQ'aSHCE aiARACTSEISTICS? 
{A) L^G'TIi: S amino acids 

(B) TYPE: amino acid 

(C) v'JTEAHDEDHESS: singles 

(D) TOPOLOGY t linear 

(ii) HOLBCtlLE OTEs jpeptlde 



(Xi) SSQTOTiCE DESOKIPTIOHS SBQ ID HO Sit? 

f yr Gly Ala Ffe© Met 
1 S 



FOR SEQ ID NOj20s 

m 



TVPS: amlBO acid 
(C) STHMIDEDHISS s single 



I 



{ii) 



TSrr aiy AX«t Ph« GX» 
1 B 



(2) IMFOHMATIO^ FOE SSQ ID M0J21t 

(1) SEQtlEHCE CHARACTERISTICS J 

(A) LEI^STHi 5 amino acids 

(B) T^Bs amino acid 

(D) TOFOIiOGY: linear 
(ii) MOLECULE Ttmi peptia« 



Tyr Qly Qly mt 
1 S 



mmt m CIAIMED ISi 
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X. A reactor system for synthesizing plurality 
of ■poly^&T sequences on a substxat^^ comprising: 

&} a reactor for contacting reaction fluids tc- 
said substrate? 

b) & system for delivering selected reaction 
fiaids to said rev>&ctor? 

c) a translation stage for moving a mas>; or 
substrate froa at l«a«t a first relative location 
relative to a s«eotta relative lacatiosif 

<i> a light for iliuainating said substrata 
tiiroisgfe u msh at a^lectea tiistesf and 

e) «n appropriately prograttmed digital computer 
for selectively directing a flow of fluids from said 
reactor system, selectively activating said translation 
st&gfe, and selectively illuaiiuiting said substrate so as 
to form a plurality of diverse polysser segtssjaces on said 
stjj&strate at predat«r«i?ied lixsatioas. 

2. reactor system as recitced in claim 1 
adapted to provide a plurality of monomers in a reaction 
fluid to said substrate, said substrate used for an 

initial scraenixig of poXvB^r saqusnces. 

3. ordered method for fonsiiig a plurality of 
■polymer sequ^nc^s by sequential addition of reagants 
comprising the step of serially protecting and 
deprotecting portions of said plurality of poi>isar 
sequences for addition of other portions of said polymer 
s^guence^ using a binary systiiesis strategy , 

4. Tiie method as recited in claim 3 wherein said 
binary synthesis strat««fy is a binary masking strategy. 

5» The method as recited in claim 4 wherein said 
masking strategy in which said masXing strategy provides 
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at: least two con®«cuti^e st©ps in whicii & msJc factors a 
prsviosss ssask by prospecting a portion of a previously 
iXltminated portions to ligJxt and exposing & portion of a 
previously protected portion® to light, 

6. The method as recited in cI&Ib 4 in wJ^ich said 
xaa&iting strategy in which at le&st ts^o successiive steps 
in said jtnasking strategy lllmsinate .a,l?o«t one half of a 
region of interest on said sxibstrate- 

1, The method as recited in claim 4 wherein said 
laasking r.trategy forms a plurality of poXyis«r s^sfuances 

on a single siilsstrato. 

The method as recited in claxsi 4 ^<?herein said 
siag5ks are arranged in a gray code jgjasJcing strategy, eaid 
gray code saasJsing strategy MTing one edge Ulmaination 
OR eacls of a plurality of eysiitliesis eites. 

s. m.m method ae areoited tn olaim 4 wii«r^in said 
ssasJcing strategy r^esalts lis a mlnimim sjusslser of masking 
steps for a timafeer of polywers synthesized, 

10, Thm met&od as rsicited in ciaiis 4 wherein all 
possible polY!a©rs of length 1 are formed ^-ith a given 

11, *rhe method as recited in claim 4 wherein said 
mskissg strategy is developed in an appropriately 
prograimaed digital coispnter inputting at least a desired 
basis set, and length of polymers* 

12, The :method as recited in Ciaim 4 wherein all 
possible polymers of a length less than or equal to 1 are 
fomed with a given basis set of monomers. 
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cospristeg the st«p of forming a pprtioa of saM palYsi^grs 
WltiJ a ho»-bin®ry msilcing strategy. 

c©mprisifjg the ste$» of ottfei^uttissg a isasaMrsg Etrats^y, 

15 , Th& mmtho^ mcitmd in elaim :iO further 
co?ajprisi»g the step of oatpiatting a ma|j &t ^Futtesised 

16. Tim mmmo€ as r®ctt#a in claim IS ^hm^in 
Bap in tJi« toim of Fig. 

1?.: k isetlioa of screening a plurality of lirOc^r 
polyiaers in hinMm m£titiSm ^tutie® comprisiisf 

tli^ st^iss of s 

a) fojrasdsif a pltir&iity of Xissker pol^^rs on m 
Btsimtmm in mt&ct&d r«gio»s^ said lis^^r poii^ers 

i) on a si2rfS«?se of a sspfestrata, i3c«iating 
a paMmot mU mimtm regions -fco 2»«?e a 

ii) tmmmm ^aM surface Mth a moBomer ? 

b) contacting sai^ plurality of linlc^r poiym#rs 
with a iigaissi? «md 

c) contacting ssM ligand with & labeled 

ii* »e method a^ 3-^citesi in claim i? wherein said 
ligana is a polypeptide, 

19 . Thm m«tliod as recitad in <ilaim 17 wlserein sai^ 

receptox' is an antibody* 

20, Tm tmmm recited in ciaiis 17 wherein said 



m 

riscu¥sive-^^s, saM s«X«c^ regions li^^r 

21. Tm method m mcitm in claim 17 whBie&in mU 
labelled receptor is a fluor^sceinat^S rec©|)t6r, 

2a. system f or datsrmijjipg afflBity of a rscsptor 

&| misaas for aopiyistf light -to a surface of a 
stibstrate, said stibstrata ooisprisiiig a plurality of 
ligsBds at predetermined locations, said m^aas for 
applying dirscti«g light providing simuitaneotts 
illttJsiBation at a plisrality of said predetensiiied 



b) ass array of detectors for detecting 
f luorascance at saM plurality o£ predetermined 
locations* 



23. A system as recitea in claim 22 wherein said 
means for applyiisg light coaipris«ts a point light so«rc-& 
and a cylindrical ieits for focusing said point , 
fcially: 



24. A system as recited in claim wliexaiji said 
array of detectors comprises a Xi«ear array, 

as recited in clatsa 23 wharein said 
a lisiear CCD array, 

m. In a digital 
*f a 

comprising ; 

a) ecxposimg fl^orescentiy labelled receptors to 
a substrate, said substrata comprising a pisrality of 
ligands in regions at Icnown locations j 
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b) at a plurality of data collect ioB points 
within each of said rsgions, a«terx8i»ing an aiBotant of 
fluorescence from said data eollectioii points; 

c) removing said data ccslleotion points 
deviating froTs s preset amount frc-ss a pr«;<leterisin«;d 
Btatiatical distribution? and 

d) determining a relatives iblnding affinity of 
said receptor to remaining data collection points* 

27. The method as recited in oXaim S6 vliereir. said 
predetermined statistioal distribution is a nor^sai 
distribution ♦ 




wherein jm s« Q or It t le selected frosa the group 
consisting of ais oscygen of tfe«i carteOKyl group of & 
natural or unnatural a»iao soid^ an amino group of a 
natural or unnatural aaino acid* or the C-S« ojcygen group 
of a natural, or unnatural d«50xyrlbonucXeic or ribonucleic 
acid? and independently are a hydrogen atom, a lower 
alJcyl, aryl, toensyl, halogen, hydroxyl, alkoxyl, thiol, 
thioether, aisino, nitro, carboxyl, fonaate, fonsajuido^ 
eulfido, or phosphide group? and is a aikoxy, alJcyl, 
aryl, Siydrogsn, or alkenyl ^oup.. 

29, The cor;poun<J of claiB 28 wherein Y is the c-»5* 
oxygen g^»5iP «5f a natural or unnatural deoxyribonucleic 
or ribdnucleic acid* 



30* fhe ooi8p««md of olaisi 2$ wherein n ^ 
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34, Tim compouna: of ela.im 28 wl$er«in Y is oxygeja 
of the carboxyl group »f amino mcdd and n « 0. 

35. The coxapound of Claim 34 wfeerain 
&ach a hydrogen at-om. 

of claim 3S wlSfc^rein is & 
nd of claim 35 wher^ia is a metfeyl 
. Having tk« fpnsuias 




therein n « 0 or l? Y is selected from the group 
consisting of an aniino group of a na-t-ural or unnatural 
aisino 3.ci.d or the C~5' oxygen (group of a nat^^ral or 
unmtmral a^osQ^ribonucleic and ribonucleic acid? R^, 
and independently are a hydrogen atoa, a lower alkyl, 
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aryl, bsnsyl, halogen, hydroxyi, alkoxylf t:hioif 
thioetherf axsino, nitro, catix>xyi; lorTttate, fonsamido, 
sui£ido or phosphides group? and independently are a 
allcoKy, aikyl, hy(2rog^n^ b^io, aryl, or group. 

39. The cosspound cf ciaijs 3$ I?* thrsstsgh 

are each, a feydrooen attosr!. 

40* aompoasHi of oiaim 3§ wter«in and I?'' are 

®ach a hydrqg®« ^fecm, 

41. Tfea cosappuBia of alaijs 3§ wherein i?^ gmd am 
each a metferi group, 

42, h cot&pQxmd hmim the formmXa;? 



wherein n ~ 0 or 1? Y is a C~5' oxygen group of a natural 
or unnatural ae.oKyriibonucleic aitd riJsonuDl^ic acid? 
through K'* independently are a hydrogen atotn, a iow©r 
alkyl, aryl, benzyl, halogmv hydrojcyl, alk-OKj'i, thiol, 
thioether, axsino, nitro, carboxyX, formate, formamido, 
sulfide or phosphide groxjpj and 1^* is a aXkosty, alkyl^ 
aryl, or allcenyl group. 

43, The Cfoxapound of claiis 42 wherein and are 
©ach a i8®^ho5£2f ^roup. 

44 , The composjnd of claiss 43 wherein and aar^ 
a hydrogen atom* 




m 

■ m, i^mmmm m claim 44 wfe^rto is a B®^^]f3. 




^fc^rein n ^ 0 or 1? Y is an atois to be px'ot^ctfea? and 

indepsndfe.«tly are a hy^roge» v^toss, a lower alkyX, ^ryl, 
b^nzjl, halogen, Jiydroxi'l, alkoxyl^ tLhiol,, t&ioeth®r, 
aisi»o, nitro, carbo^yl, forms-t®, forsapaidp, ^uXfido, or 
ptospMdo group? ^nd K^ « alScbxy, aikyl, aryl, or 

47. Tha co3spou«a of claim 46 mes-gsin t is seX^ctesi 
from W ^om mnsimm «f oxirgfeJi of tli© carteosej^l 
. of a mtmul or wmstaral amino aoi<i, or tim C-S » 




of cXaisa 47 is?lser«in ajad R^ ; 



of 0Xaim 48 vterein B» is a «hyX 



SO, A cso^ownd baTing tii© formulas 



%mm/mm r€f /mm/mm 



mm^ H is a miae; ctete of a natural or tmaatural sosino 
mm mm. X is & isfeotioremovsteXe prot^cftiiif frou$s. 

51. The cosspou^a of claim SO ¥fe«rein X Jsas the 
following formula? 




where ]R^ and K* indapenaejitly are a h^ftogen atom, 
a lower alJcyX, aryl, h&nzylt halogen, feysSroxyl, alkoxyl, 
thiol, tiiioetiier, amino, nitvp, carisoKyX, formate, 
f omamido or phospMao «rou|>, or aajscent sisisstituents 
are suJs^titBted ossygen groui^s that together form a cyclia 
atsetal or Icetal? aM is a fe:r«irogen atom, a alkoaeyl, 
alkyl, halo, arj?!, or alkaisyl grqupv 

52. file compound of claiis SI wherein and are 
each a hydrogen atom, and and are each a methoxy 
grotjp* 

53. The oom|«»Bnd of olaisa S2 wherein is a methyl 
group. 

54. The compound of claim wherein R^- ana are 
substituted OK:^g®si groups that tcgetfear forss a cyclic 

acetial . 

55. The ooispoiaJFjd of claim 54 wherein and are 
each a hydrogen atom* 



St 

, m claim m m^mxi is a metlsjri 
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